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Finding the Diſtances of the PLAN ETS from 
the 8 U N. ow og e e 
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A RTI OCE I tne be 
Concerning the mean diſtances of the planet. 


HE proportional, or. relative mean diſtances of the planets 
from the Sun, is already known to a ſufficient degree of 
exactneſs; for, the ſtated laws by which they move, 

| and are retained in their orbits, are ſuch, that if the 
Earth's * mean diſtance from the Sun (whatever it be as to the number 
of miles) be divided into 1000 equal: parts, Mercury's mean diſtance 
from the Sun muſt be equal to 387 of ſuch parts; Venus's mean di- 
ſtance, to 723 ; Mars's mean diſtance, 1524; Jupiter's, 52013; and 
Saturn's, 9 540.—But how many miles are contained in any given 
number of ſuch parts, is not yet accurately known. 

The + Sun's horizontal parallax is ſuch, that we are ſure his mean 
diſtance from the Earth is not leſs than 66 millions of Engliſh miles, 
nor much greater than 83; but what it really is between theſe two 
numbers, we know not. Moſt of our modern Aſtronomers have 
reckoned: it 81; and if it be ſo, Mercury's mean diſtance from the 


1. 


*All the planets move about the Sun in elliptical orbits, and the Sun is in the 
lower focus of all their orbits. Therefore they muſt be nearer the Sun at ſome. times 
than. at others; and when they are mid-way between their greateſt and leaſt diftances- 
from the Sun, they are faid to be at their mean diſtances from him. 

+ The nature of parallaxes will W n 39 eee 


Sun 
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Sun muſt be 41347000 miles ; Venubs mean diſtance, 585630003 
| | Mars's, 123444000; Jupiter's, 42128 1000; and Saturn's, 7725 40000. 
1 | For, as 1000 is tp..387, n to 3134700 miles; for the 
diſtanc Cof Mere rom the Bun. Add, as 1,090 is to 723, ſo is 
© e to 58503000 miles, for the diſtance öf Venus from the 
Sun. Likewiſe, as 1000 is to 1524, ſo is 810000090 to 123444000 
5 miles for the diſtance of Mars Fro the Sun; and fo on to Jupiter 


and Saturn. 
As it is a problem of the higheſt importance in Aſtronomy, to 


3˙ 
find the Sun's diſtance from the Earth, ſince mas. we ſhall be able 
td *#fcertahn the dimenſions of out whote SH SYSTEM; it tray tbe 
preſumed, that a plain account of the method propoſed by Dr. HALLE 

for that purpoſe, by the trabſit bf Yengglgver the Sun on the 6th of 
June 174. „ will not be unacceptable to the public. 

4. The Doctor's Diſſertation on that ſubject is printed in Latin, — 
Motte's Abridgment of the Philoſophical Tranſactions (Vol. I. 
pag. 243.) and ſhall Þe ttanſldted) into *EnKliſh/yn this Treatiſe, for 
he fake of thoſe who do not underſtand the Latin. But as the ſaid 
Diſſertation vi Hot) aut waß written only for thoſe: Who Are well 
ſkilled in Aftrotlomny, to whom it is abundantly plain ; yet, any one 
who would endeavour to make it plain to och Weng premiſe * 

things which the Doctor has omitte ett. 

n conſequence of this, I fliall begin A bewing how to gd 
the-gititudss, and angular · diſtances, of the heavemy ſbodies; and then 
explain the nature of parallaxes ĩn general. with the method of finding 
them by obſervation: Which will be eaſihy underſtood Seeg . 
have” learnt. the: elements of 112 GENIE) | 
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ee howto find. the altitudes and angular ors , 
| 2 cat bodies. 


16. Let a eiche e as ABC- (Plate I. Fig. 1 J the: ſo adjuſted 
to a ſtrong upright pillar EE by the two rings g and 5, that the 
1 quadrant may be turned round the pillar without ſhaking : and in 
| being turned found, its edge always be perpendicular to 
1 the Plane of the horizon CT. Fu a way o'r Bucky as CD, with croſs -hairs 


| in it, be made moveable on C, the center of the quadrant; and let an 
| PIES 2 | index, 
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index, as e, be fixed to the end D of cee, © reiten the 
diviſions on the graduated limb. E 
Let 454 be a quarter of a vertical circle. in "the Harry 8 
che plane of which circle is perpendicular to the plane of the horizon 
CT; for the altitude of every celeſtial object above the horizon, 
is taken in a circle, whoſe plane is perpendicular, to the Horizon. 
Now, as every circle, be it great or fmall, contains 360 degrees, a 
quarter of a circle muſt contain go. And ſince all the planets; together 
with the Sun and Moon, feem equidiſtant with the fixed 1Rars from 
us, we refer their places to the ſtarry heaven, the diſtance. of which 
is ſo immenſely great, that the whole Earth is but a dimenſionleſs 
point in proportion to that diſtance. And therefore, ve may conſidat 
the center of the quadrant to be in the center of the ſtarty 1 e 
let it be placed upon any part of the Earth Whateve. 

8. It is evident, that when any celeſtial body is in the plane of the 
borizon, as at 7, it can only be ſeen_th the teleſcope! by an 
eye placed at 5, when the teleſcope is in the horizontal! ;poſitiom AC 
on the quadrant; and then, the index e will point to o on the gra- 
duated limb AB, ſhewing'that = celeſtial object has then no alti- 
tude above the horizon. ¶ the object be in the zenith at , it is 
degrees above the horizon, and the teleſcope muſt be in the upright 
poſition BC, when the obje& is ſeen in-the'erofs hairs by an eye paces 
at D; and then, the index will be at 1197956 gth degree, of the quadrant 
Conſequently, as all the degrees of the ce leftial arc N e co 5 to 
the degrees of the quadrant, whenever any celeſtial, objeck is ſeen 
through the rs the index e mult be on the ſame degree, 'or 
part fa degree, on the quadrant, that anſwers to the, altitude of. the 
Scheck ab above 1180 zorizon. * JF the Moon M be ſcen throu vgh. the 
Re Aden ſhe is 20 degrees above the dere e Mt 
in the ate SZ, the index e muſt be on the 20th d 8 0 
quadrant : and if a ſtar, as &, be ſeen through the tele cope, e 
it is 45 degrees above the horizon, the teleſcope muſt be in the 
p ſition 48 to ſee it, and the 8 e will be on the 4 5th degree. of 

E qua tant. kr: 

9. When any two 28565 bodies are in the fame vertical circle ; that 
is, when  plumb-line would hide them both from the eye at once, 
if their altitudes be taken, and the leffer altitude be ſubtracted from the 
greater, the remainder will be their angular diſtance from each other. 
Thus, in the ahove caſe; if the Moon be 20 degrees high, and the 
ſtar 45, the difference nd will be 2 5 degrees, 1. ew 4s 'the Man 
angular diſtance from. the Star. * Sen n | 

B 2 10. When 
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10. When the two given bodies are not in the ſame vertical circle j 
that is, when a plumb-line will not hide both their centers at once 
from the obſerver's eye, but that a circle paſſing through them both 
is oblique to the horizon; we muſt uſe a quadrant (or perhaps a ſemi- 
oirele) which turns on a ball and ſocket, like a common theodolite 
for ſurveying land; and fix it ſo, that its face may be in the ſame 
plane with both the bodies: then, looking at each body ſeparately 
through the teleſcope, mark what degree, or part of a degree, the 
index is at on the graduated — body is ſeen; and the 
arc of the inſtrument, which lies between thoſe points where the 
index ſtood at each obſervation, is the angular diſtance of the bodies 
— 0 -w-. bot oof oft cs 1 cgertef 111 36 

11. The larger the inſtrument is, the better; for then, each de- 
gree may be divided into 60 equal parts or minutes, either by diagonal 
ines, or by (what is called) a nonius diviſion. On ſome large qua- 
drants, the obſerver can now reckon' to four or five ſeconds of a minute, 
by a particular contrivance lately added to the index of the teleſcope, -- 
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viewed by two, perſons ſitting at oppoſite ſides of the chimney ; what- 
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— of the Earth's ſurface, it evinces them to be nearer. to us than 
the ſtars are. For, if their diſtance were the ſame. as that of the ſtars, 
their apparent places could not be different among the ſtars; as may 
be eaſily conceived by ſetting the candle cloſe to the wall, and then its 
flame will hide the ſame ol thereon from both the ſpeKtators ſitting 
by the chimney. v 

13. If the candle be removed from the wall 8 theſe ſpectators, 
then, if one raiſes his head above the level of the other's, he will ſec 
the flame lower on the wall than the other perſon ſees it; if he aan 
his head, the flame will appear higher. 

14. But if two perſons ſtand at oppoſite ſides, in one e end of a long 
avenue, and lock at a third perſon ſtanding at the other end, between 
them and a wall at a diſtance beyond him, he will ſo nearly hide the 
ſame place of the wall from both the others, that they, will ſcarce 
— any difference; becauſe their diſtance from each other ſcarce 

ars any ſenſible proportion to his diſtance from them both. — Hence 
we infer, that the farther diſtant the Sun, or Moon, or any planet, is 
from the Earth, the leſs will its parallax be in the heavens, as ſeen 
from different places of the Earth. And we ſhall ſoon prove, that the 
diminution of the parallax is in direct proportion to the diſtance of 
the object. 

15. When the Moon is at R mean diſtance from the Earth, her 
horizontal parallax is found to be * 58, 10“ (or r 499 ). and the Earth's 
ſemidiameter is known to be 4000 En which two things 
being given, the Moon's mean diſtance git the Earth s center may be 
found by the following analogy, from Gardiner's pa tables. 


As the tangent of the horizontal parallax 5 8' 10", — 6.228442 
Is to the log. of unity, or the Earth's ſeindfmtter — 0. 
So is radius, or the ſine of go ?: — _ 10.000000- 


To the log. of the Moon's diſtance 59.96 — 1.771568 


Then 59.96 ſemidiameters ↄf the Earth being multiplied by 4000, 
the number of miles contained in the Earth's ſemidjameter, gives 
239840 miles for the Moon's diſtance, from,the Earth, 

16. By the ſame analogy, the Sun's diſtance from the Earth is found, 
when his horizontal parallax is given. And here we. ſhall compute 
his diſtance, upon ſuppoſition that his horizontal parallax is either 


17 1 * 


10”, 10”, 11, 17, 12", or 127 


NV. B. This mark Ggnifies minutes ay] a degree, and this mark b Ae bee. 
by a minute, 5 * 
But 
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But becauſe the logarithm of unity (or of 1) is nothing, we may 
leave it out; and then, by ſubtracting the logarithmic tangent of the 
parallax from the radius, (which is 1 5 the remainder will be the loga- 

rithm of the Sun's diſtance in ſemidiameters of the Earth, Therefore, 


From the radius — 10.000000 
Subtr. the tang. of 10 2 685575 


Remains — — 4.3 14425, which, i in 

the tables, is the log. of 20626. 5. Then, 20626. 5 ſemidiameters of the 

Earth being multiplied by 3 the number of miles in the Earth's ſe- 

midiameter, Neuf 82 500000 miles for the Sun's diſtance from the man 
From the radius — 10.000000 © 

II. If the San? p {ory aol Subtr. the tang. of 107" 5 256271 


be 101 — 
Remains — — 4.293729, ett 


the hog. of CA 6; which being multiplied by 4000, gone N ond 
miles for the Sun's diſtance from the Earth. 
From the radius — © 16,000000 

III. If the Sun's parallax Subtr. the tang. of 11” | 87298 


be 1 * | 
Remains — — 4273032, the log. 
of 187 51. 4 which being multiplied by 11 r 750⁰ _ n, 


for che Sun's dillance from the Earth. 
From the radius — To. ooooas: 


TV. If me Sun's s parallax | Subtr. the tang. of 11” 2 743862 
* 1150 : | " 
Remains — — 4.264138, the log. of 


179 53.05 which being multiplied by 4009, Ba 718 12000 miles for 


= Sun's, diſtance from the Earth. | 
From the Mis 8 10.000000 


V. If the Sun s parallax Subtr. tlie tang. of 12” 5.704750 


| be 12", 
Remains — — 4:235244, the log. 
m 17188. 7; which being — by 4900, gives 687 r miles 


for the Sun's diſtance from the | 
| From the radius — 10. 000000 - 


Subtr. the tang. of 121“ 5.5 782 137 


Remains. .— '— . 44 21786 3, the log. 
of 16514.4; which being multiplied by 4000, gives 600 Ness _ 
for the Sun's diſtance from the Earth. 


I. If the Suns parallax 
be 10”, 


VI If the Sun's parallax 
be 127, 


17. Now, 
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a ly $6 | re | 
Shewing how to find the Moon's parallax by obſervation, 
and to compute the relative bulks of the Sun, Earth, 
and Moon. = 


19. It would appear by & 12, that when two obſervers are deter- 
mined to find the parallax of any celeſtial object, ſuppoſe the Moon, 
they muſt take its apparent place in the heaven of ſtars, at the ſame 
inſtant. of time; which ſeems impoſſible when we conſider, that they 
muſt be very far out of each other's ſight, in order to have any ſenſible 
parallax in the Moon's place. But we ſhall here ſhew how the 
obſervers may know whether they take the ſame inſtant or no ; and 
if they do not, how they may make a proper allowance. 5 
20. Whatever ſtar paſſes through the. zenith of any given place on 
the Earth, on any day of the year, it will do the very ſame on 
every other day of the year: for the ſtars do not ſenſibly alter their 


dechnations in one age. e e 
l | 21, When 


3 


'B The" dalla of finding Vie" Diflances 
21. When the Moon's place in the ecliptic/is found; which may be 5 
eaſily done to a ſufficient degree of exactneſs for our preſent NN the 


quantity of her declination in any part of the day is ſoon But 
theſe things are computed to our hand in almoſt every Ephemeris. 
22. Two very fit places for obſervation would be Vienna and the 
Cape of Good Hope, being both on the ſame meridian; and 82% 50 
diſtant ſrom each other: the latitude of the former is 48® 2o' north, 
and that of the latter 34 3o' ſouth. Now, if both the obſervers are 
on one and the ſame meridian, and make their obſervations when the 
Moon is on their meridian, they will do this at the ſame inſtant 
of time. +4 ; #, +71 | 7 f | ** 
23. If the meridians of the places do differ, and the obſervers know 
the quantity of that difference, they can eaſily allow for the Moon's 
declination, whilſt ſhe is paſſing from the meridian of one place to that 
of the other. And they may find the difference of their meridians 
exactly by the eclipſes of Jupiter's ſatellites. 11 
But they need not be very ſerupulous about the difference of their 
meridians, if they agree to obſerve upon a day when the Moon is in 
either of the tropics, which they have twice in every month of the 
ar. For then, a few degrees difference of longitude of their places 
will not ſenſibly alter the Mpon's declination between their meridians. 
24. This point being ſettled, let us ſuppoſe ABD (Plate I. Fig. 2.) 
to be the Earth; A the place of one obſerver, and B the place of 
the other; which ought not to be leſs than 40 or 50 degrees from 
each other, and if more remote, ſo much the better. Let M be 
the Moon, and Ran arc of the ſtarry heavens.— Let each obferver 
find the latitude of his place, and when they meet again, they will 
know by their latitudes how far their places of obſervation are from 
each other, provided both were on the ſame meridian; becauſe the 
tength of a degree, or any number of degrees on the Earth's Turface, 
is known. Tf their meridians are ſomewhat different, yet the known 
difference of their -tatitudes will anſwer the purpoſe ; becauſe any 
two given parallels of latitude are equidiſtant from each other, quite 
rounck the Earth: and therefore, all the chords of an arc of the Earth's 
ſurface, from parallel to parallel, are equal to one another, if they are 
taken at right angles to theſe parallels. 7 inc 
25, Let each obſerver take the angular: diſtance of the Moon en his 
meridian, from that point of it through whieh he ebſerved a given ſtar 
N to'þaſs} which we ſhall call the Moon's angular diſtance from R: 
Then it is evident by the figure, that when the Moon is on the 
meridian of the obſerver at A, ſhe will appear to him to be at 2 
Nh 


ee 
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; che dare heaven: and tlierefore. the angle RA, whoſe meafore.is the 
arc RV, is the Moon's angular diſtance from &, as ſeen by him in the 
right line Au. But the obſetver at will then ſee the Moon as at T 
in the heavens, in the right line BMT ; and the angle RBT, whoſe 
meaſure is the are RT, is mote 8 . diſtance from E, as ſeen 
the obſerver at B. 

26. When — meet again, A tells B that the angular 
diſtance to him was the arc RY; and B tells A that to him the angular 
diſtance was the arc RT. Now, as both theſe arcs are given by ob- 
ſervation, ſubtract R from RY, and the remainder will be the arc 
TV, which is the Moon's parallax, or apparent difference of place in 
the ſtarry heavens, as ſeen from the places A and B; which ought to 
be on different ſides of the equator, and as nearly at A a ilar 
from it as may be, on aocoant of th Earth's aer figure. But 
a few degrees of difference will not be-of any bad conſequence., _ 

27. Now, as the Moon, by reaſon of her parallax, will be ſeen by 
the above obſervers at different diſtances from the zenith of either of 
their places; that is, in different parallels of —— her horizon- 
tal parallax may be found by the following 

As the ſam of the fines of the two diſtances of * 
zenith, is to radius; ſo is the diſtance of the two apparent parallels 
of declination, to the Moon's -horizontal : which being thus 
found, her diſtance from the Earth's center may be found by & ki. 
28. The Moon's diſtance from the two Nene be found 
in the following manner. 

Draw the two right lines N and TMB, cwoting each other in 
the Moon's center at A; and they will form the two equal and 
ſite angles T and AMPB, either of which i is the Moon' parallax, 


whoſe meaſure is the arc TY. | 
Draw AC and BC, each whereof is a Gnidiamathrraf che Earth; 


and join A#B, which is the chord of the given are Au, or leaſt diſtance 
between the parallels of latitude of the places A and B. 
In the triangle AMB, the angle at M is given; and ſo is the fide 
A, becauſe it is the chord of the ren arc Anz. The ſides AM 
and BM are to be found. 
| Becauſe RAC is a right line, and the angular points of the three 
angles RAM, MAB, and B all meet in the point A, it is plain that 
the ſum of theſe three angles is equal to two right ones, that i is, to 180 
for they include a ſemicircle, the center of which is at A. But the 
angle R is given, _ the Moon UG: pos diſtance _ E, as ſeen 


* the obſerver at A. | ; a 1 Gibas ” 
C | | Likewiſe, 
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Likewiſe, in the iſoſceles triangle ACB, the angle CAB is given, 
being half the ſupplement of the given angle ACB to 180%. Take 
therefore the ſum of the given angles RAY and CAB from 180, and 
there will remain the angle MAB, which added to the given angle 
Az, and the ſum taken from 180®, remains the angle ABM. - 

29. Now ſay, As the fine of the angle AMB, is to the fine of the 
angle MAB (and of MB 4), ſo is AB, the chord of the given arc AnB, 
to the diſtance BM (and AM), which are the Moon's diſtances from 
A and B. K 1 ty: NU 
30. This method ſucceeds very well in finding the Moon's diſtance 
from the Earth, becauſe her parallax is very ſenſible; but it is altogether 
uncertain in finding the Sun's diſtance, becauſe the arc Tv, which mea- 
ſures the Sun's parallactic angle ASB (equal to FSv), is too ſmall to be 
accurately determined by means of the beſt inſtruments that ever were 
made for obſervations” | 171 | 

31. According to the beſt modern obſervations, the Sun's horizontal 
parallax is about 10+”; and if this be its exact quantity, we have ths 
Sun's diſtance from the Earth, as in $ 16, 78666400 Engliſh miles. 

32. Now, ſince the horizontal parallax of any celeſtial object is equal 
to the angle which the Earth's ſemidiameter ſubtends as ſeen from that 
object, if the Sun's horizontal parallax be 104%, the whole diameter 
of the Earth, as feen from the Sun, will ſubtend an angle of-2 1”, that 
is, double the Sun's horizontal parallax. But the Sun's mean diameter, 
as ſeen from the Earth, is 32 11“ (or 19310 : therefore the Sun's 
diameter is to the Earth's, diameter, as 1931 is to 21. But the Earth's 
diameter is 8000 Engliſh Miles. Therefore, as 21 is to 193 1, ſo is 8000 
to 7360. 80 that if the: Sun's horizontal parallax is. 107“, his dia- 
meter muſt be 736000 Engliſh. miles. And ſince the diſtances of all 
the planets from the Earth, in any part of their orbits, may be found 
whets the Sun's diſtance is known, the angle under which the Earth's 
diameter would appear, as ſeen from the planets, may be eaſily inveſti- 
gated: and then, by meaſuring their diameters, as ſeen from the Earth, 
with a good micrometer, their teal diameters may be found by comparing 
them with the diameter of the Earth. © +44 | 

33. And fince the relative bulks of ſpherical bodies are in. fuch pro- 
portion as the cubes of their diameters, and the Sun's diameter is 92 
umes as great as the Earth's, his bulk! muſt be 778688 times as great as 
r lle. an 
be Moon's horizontal parallax, at her mean diſtance from the 
Earth, i858“ 10% (or 349000 f: therefore; the Earth's diameter, as ſeen 
ſtom the Moon, being double the Moon's horizontal ** — 

H | ubten 


— Planern rum ib d. 


febtend an angle of 1 50 20“ (or 69880 (But the Moon's: Hat eter, 
as then ſeen from the Earth, ſubtends an angle of 31 34 (04894) 3 
fo that the Earth's diameter is to the'Moon's diameter, as 6980 to 1894. 
Therefore; as 6980“ is to 8000 miles (the Earth's reul diameter) ſo is 
1894 to 217 1 miles very nearly, which is the Moon's real diameter. 
Hence, the Earth's diameter is to the Moon's, as 3.68 is to 13 and con- 
ſequendly 3 the Earth's bulk is to the Moon's bulk, as 49.8 to r. 
35. And thus, ſince the apparent diameters of the Sun, Moon, and 
planets, may be meaſured by a good micrometer ; if their Horizontal 
parallaxes are given, their real diſtances, diameters, and bulks may be 
tound,——But, from the harmony of the whole ſyſtem ($ 1.) it ap- 
pears, that when we can find the Sun's parallax, we may thence” Bind 
the parallaxes of all the planets, wr. ard with or real diſtances, 


diameters, and W np | N b 50 
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ARTICLE V. 


Concerning rhe horizontal ae of the Sun and I enus, 
| and rhe porallax of” Venus from the Sun. 


* Since the! related diſtances of all the planets from the Sun are 
known (F I.), their relative diſtances from the Earth are alſo known 
when they are in conjunction with the Sun. And therefore (as was 
ſaid above) if the parallax of any planet can be found, the parallaxes 
of all the reſt are found of courſe; becauſe the parallaxes' ire in the 
inverſe proportion of the diſtances . 21157: 1811 106 

Thus, the Earth's mean diſtance from the Sun being 1000 (by F't.) 
and Venus 's mean diſtance from the Sun being 725 bi 723 be ſub- 
tracted from 1000, the remainder will be 277 for the mean diſtance 
of Venus from the Earth, when ſhe is between the Earth and the Sun; 
which ſhe will be, on the 6th of June 1761. | 

Therefore, if (with Doctor Haveny) we ſuppoſe the Sun's hori- 
zontal t to be 124%, he horizontal parallax of Venus, on that 


* For by the rules of plain eg noatiy}! 8D is to „D (Plate I. Fig. 3.) as the ſine 
of the angle EV is to the ſine of the angle ESD, — But if D approaches 
towards E (as from O to d), theſe ſines are nearly as the angles themſelves, and D (now 
84) is nearly equal to SE. Therefore the parallactic angles EVD, ESD are as SE to 
Vi; inverſely as the diſtances EY and ES, In ſuch ſmall angles as thoſe of the parallaxes 


of the Sun and planets, it is * the ſame whether the ſines or tangents be uſed in working 
out the analogies. | W ann: % 


C 2 | | day, 
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day, will . very nearly 5 for, as 277 to 1050, ſo is 124 to 


37. «Dull bs & lde further from ü Bard in Nuno thaw is 
R in March and September his diſtance is at a mean between 
the e and the leaſt. the 6th of June, his diſtance'from the 


is 1015, and his diſtance from Venus is 726. This difference 
ariſes from the elliptical figure of the orbits of the Earth and Venus. 

38. Therefore, ſince Venus is then between the Earth and the 
| Sun, ſubtract 726 from 1015, and the remainder will be 289, which 
1s the diſtance of Venus from the Earth at that time. Then fay, as 289 
is to 101 f, fo is the Sun's horizontal parallax 124 to 43; e which is 
the horizontal parallax of Venus at that time. 

39. Subtract the 1 $ horizontal parallax 12 from the deten 
pare lax” of Venus 43, and the remainder will be 31 for the 
orizonital parallax o Venus from the Sun; which, in the following 
part of the work, we thall call 31“, becauſe 15 of a ſecond is 
inconſiderable. 

In the right line S (Fi (Fig. 4.) take 57710 SC as 726 to 1015; then, 
$ will be the Sun's' center, Fa the center of Venus, -and C the center of 
the Earth, at their relative diſtances from each other on the 6th of 
June 1761. Let esb be an arc in the ſtarry heaven, which, 5 
fact, 1 ſo far diſtant from the Earth, that if the Earth wee as bi 
its whole annual · orbit, it would a no bi a point, as — 
from the ye : Tho truth of f this Didi he, as the Earth is car- 


ried every Sun, in an orbit whoſe diameter is about 160 
millions & 275 nyt fthiis 160 millions of miles neares ſome of the 
ſtars at any g & of the year, than at the oppoſite time: and yet, 


neither is apparent "magnitudes of theſe ſtars, nor their angular 
diſtances from each other, affected in the leaſt by this great change of 
the Earth's poſitibn. But as it is impoſſible to repreſent theſe things 
truly in a figure; and ſince we are obliged to draw the Earth and Venus 
by much too big; and the Sun too ſmall; in proportion to their diſtances; 
we can never have the true quantities of the parallactic angles repre- 
ſented in ſuch figures, So that the uſe of theſe figures is only to give 
ideas of the angles in general. To have their true ante we muſt 


have recourſe to calculations. 
. This being premiſed, to old mil. leading the reader's imagina- 


tion With” regard to the' true quantities of the parallaxes of the Sun, 
Moon, and Venus; let AMB be the Earth, Y Venus, and & the Som, 
Whilſt the half AMB of the Earth is enlightened, becauſe it is turned 
toward the Sun. the oppoſite half Be is in the dark, 


41. The 


% ale Planets. from ther Sun. g 2 
WF The Earth's motion on its axis is from, weſt, hy ſputh, .to..ca 
that ; is, in the direction AHA. Therefore, When the place of 
obſerver revglves to A, the Sun S will be rifing to him, in 3 
ſide of his horizon: When the motion of his place carries him ta M,, 
the Sun will be on his meridian; and when it carries him ta H, the 
Sun will be ſetting in the weſtern fide of his horizon. The like would, 
happen with regard: to Venus V, if the had no real motion from ſun-r 
to ſun- ſet. 5 | = 
42. Let us ** Venus not to move 1 * 7 for one day, e 
to conſider both her parallax and the Sun 's. To an obſerver at 71 5 
Earth s center C, which is at reſt, the Sun's center & would all the 
be referred tothe point s in the ſtatry heaven: and Venus would appear 
to be on the Sun's center at $ (provided ſhe had then no FLA 
al 


from the ecliptic).; ſo that there would be no apparent. change. of 
places in the heavens ; that is, they would have no parallax eit 
the caſt or to the welt, | Tad: 
ha to an obſerver at A on the Earth s ſurface, who. has. the ng 
iſing in his horizop, the Sun's.centes S would: ache 2 little, eaſt- 
wars of its true place q in the celeſtial arc ; hein 1 in the 
right line Andc: and at the ſame time, the center of Venus y wo 
appear at e in the ſame. arc, conſiderably caſt of its true Js 4,98 en 
ſeen from the Earth's center. For in the former gaſe it 1 18 een in, the 
right line Mie; and in the latter it 7 7 in the right line s. Con- 
ſequently, as the Sun's center S would appear at c, anq-Venys's center #” 
would appear at e, as ſeen from A the are er is the di & of Venus's 
center from the Sun's as ſeen in the horizon of A at the ſame time chat 
their centers are coincident at & (or 5) as ſeen tom the Earth's center C 
or from M on its ſurface, where both ks Sun and Vengs are in = 
— * 7 « {en 
The angle CSA (which, i is the ſame as: the qppolite | £5) 
is Called the Sun's horizontal parallax: and the-angle CY A (thn 
with the oppoſite angle cs) is called 1281 8, horizontal parallax. ip 
CYA is to CVA, as CY is to CS ;, that, is, the horizontal parallaxes of 
the Sun and Venus are to one ingthen inverſely as their diſtances from 
the Earth's center. Or, in other werds, the, Sun's horizontal ar a 
CSA is the angle under which the Earth's ſemidiameter CA would a 
pear, if ſeen from the Sun at g; and Venus's horizontal parallax 22 
is the angle under which the Barth ine Cf would appear, 
if ſeen from Venus at. 
44. If the Sun had no parallax at all, the angular diſtanges e of Vows 


V from the Sun S, as ſeen from A, would be equal to the whale hori- 
zontal 
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zontal parallax of Venus, or to the arc 36 but as the Sun has a ſinall 

r 756 toward the ſame fide of the heaven that Venus s parallax ge 

ies, when they are riſing in the eaſt; the horizontal angular diſtance 
of Venus from the Sun at that time is only the are e, which is 
the difference between the Sun's horizontal parallax and Venus's, 
4. (as it is generally called) the horizontal parallax of Venus from 

SMS 009% L009 £91 03.43 24 | 8-74 13-8 « x 

45. The horizontal parallaxes of the Sun and Venus are of the ſame 
quantities when they ſet, as when they riſe: only; their parailaxes 
make. them appear eaſtward of their true places at riſing, and weſt- 
Ward thereof at ſetting. For, when the place A revolves to B, the Sun 
and Venus ſet to its and although their true places & and J are ats Mo 
when referred to the ſtarry heaven, in a right line from the Earth's h 
center, yet the apparent place of the Sun, as ſeen from B, is at /, and 
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the appatent place of Venus is at þ, 


46. This parallax is greateſt of all in the horizon, and leſſens gra- 
3 dually till the object comes to the meridian. For, when the obſerver 
is t and Venus at / ih- heriron, ſhe appears at & in the heavens, 
wich u parallax, whoſe quantity is the angle V, the fame as aVC; 
and when the obſerver is carried to M by the Earth's motion, Venus is 
vertical in his metidian, and appears at's in the heavens, without a 
parallax, the fame as ſhe would do if ſeen from the Earth's center C- 
then, as he revolves toward B, Venus changes her parallax from s 
toward ö, in the oppoſite” fide of the horizon. 
74 1 kin, that if three obſervers were placed upon the 
Earth, at the points A, M B, and ſhould look at Venus Y at the fame 
inſtant of time; the obferver at A would ſee her at ein the heavens, the 
obſetver at M would ſee her at , and the obſerver at B would ſee her 
at b. And at the ſame moment, the Sun S would appear at e to the 
obſerver H, at r to the obſerver M. and at / to the obſerver B83. 
48. Therefore, if the Sun and Venus ſhould continue at reſt for a 
whole day, whilſt the obſerver was carried through the are AMB, the 
Sun to him would ſeem to move through the arc zsf, and Venus to 
e norte he are MN 
49. And thus it appears, that the parallax in longitude (or in right 
aſcenſion) of the Sun or any planet, is eaſtward from the time of its 
- rifing until it comes to the meridian: and weſtward from the time of 
its Being on the meridian until it ſets in the horizon: decreaſing 
conſtantly from its riſing till it comes to the meridian, where it is 
nothing3 and increaſing conſtantly from the meridian to the time of 
its ſetting, © | Ren op bu | 


Havin g 


A the Plaue frow "rhe" Sun 23 


Having now ſaid all that I chinlel is requiſite to be | y any 
perſon before he reads Dr. H&LLey's paper on the tranſit of Venus, I 
thall here ſubjoin it; not doubting but that on n its ö this e 
wil be W to ny nn, 8 Hayn aon cach 
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| "A R T 4 1 1. N v. ol - ks 31 by 
Coal: Dr. Ha LL * Diſſertation, on Fa method 
finding the Sun's parallax: and diſlance from” the 
"Barth, by the tranſit” of” Venus over" the "Sun's dife 
an the 675 of Jun 1761. "Tranſlattd From: the. Latin 
copy there, in Mottes Abridgment- f tbe Phulhſo- 
ppobical Bahai, 1 op 4, , N 2 4 3 with. neee 
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incredible to the hterite, which yet by means of mathematical princi- 
ples may be ſolved without much difficulty. Scarce any problem, will 
appear more hard and difficult, than that of determining the diſtance 
of the Sun from the Earth as near the truth as pofſible: but eyen this, 
when we are made acquainted with fome exact obſerygtions, taken at 
times fixed upon, and choſen beforehand, yall . 4 preat deal of 
labour be effected. And this is What I am ngw;dehrous to. lay before 
this illuſtrious ſociety * (which I foretel-will continue 1777 7 that 1 
may explain before-hand to young Aſtronomers, who may 5 aps live 
to obſerve theſe things, the method whereb ber immenſe diſtance of 
the Sun may be OT, obtained, to within a five TOP! Me. What It 
ys os 


moſt 72 ible from the beſt bonjecture that each could 2 tole 
and his followers, as alſo Copernicus and 75 7110 Brahe thought * yt be 


bles the diſtance mentioned b by, Keple ler, and E 1 5 N increaſes i it by 
e 


Ye hne 
of the teleſcope been ſeen in the diſe of the Sun, 6 "ot; their 
borrowed en it is at length found, that the Apparent. ene 
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ters of the planets” are! much leſs than they were formerly ſuppoſe 
nd Garthe ſemidiameter of Venus — the Sun ſubtends no mort 
than a Furth part of a minute, or fifteen ſeconds, whilſt the ſemi- 
diameter of Mercury, at its mean diſtance from the Sun, is ſeen under 
an 1 4 only of ten ſeconds; that the ſemidiameter of Saturn ſeen 
from the Sun appears under the ſame angle, and that the ſemidiameter 
of Jupiter, the largeſt of all the planets, ſubtends an angle of no more 
than a third part of a minute at the Sun. Whence, keeping the 
proportion, ſome modern Aſtronomers have thought, that the ſemi- 
diameter of the Earth, ſeen from the Sun, would ſubtend a mean 
angle between that larger one ſubtended by Jupiter, and that ſmaller 
ne ſubtended by Saturn and Mercury; and equal to that ſubtended by 
Venus (namely fifteen ſeconds): and have thence concluded, that the 
Sun is diſtant from the Earth almoſt 14000 of the Earth's ſemidiameters. 
But the fame authors have on another account ſomewhat increaſed this 
diſtance ; for, inaſmuch as the Moon's diameter is a little more than a 
fourth part of the diameter of the Earth, if the Sun's parallax ſhould 
be ſuppoſed fifteen ſeconds; it would follow, that the body of the Moon 
is larger than that of Mercury; that is, that a ſecondary planet would 
| reater than a primary, which would ſeem inconſiſtent with the 
uniformity, of the mundane. ſyſtem. . And on the contrary, the lame 
regularity and . uniformity ſeems ſcarcely to admit, that Venus, an in- 
ferior planet, and has no ſatellite,” ſhould be greater than our Earth, 
which ſtands bags in the fyſtem, and has ſuch a ſplendid attendant. 
Therefore, to obſerve a mean, let us ſuppoſe the ſemidiameter of the 
Earth ſeen from the Sun; or, which is he ſame thing, the Sun's hori- 
zontal parallax, to be twelve ſeconds and a half; according to which, 
the Moon will be leſs than Mercury, and the Earth larger than Venus; 
and the Sun's diſtance from the Earth will come out nearly 16500 of 
the Earth's ſemidiameters, This diſtance I aſſent to at Fal as the 
true one, till it ſhall become certain what it is, by the experiment 
which I propoſe, Nor am I induced to alter my opinion by the au- 
thority of thoſe (however weighty it may be) who are for placing the 
Sun at an immenſe diſtance beyond the bounds here aſſigned, relying 
upon obſervations made upon the vibrations of a pendulum, in order to 
determine theſe exceeding ſmall angles; but which, as it ſeems, are 
not ſufficient to be depended; upon: at leaſt, by this method of in- 
veltipating the parallax, it will come out ſometimes nothing, or even 
negative; that is, the diſtance would either become infinite, or greater 
than infinite, which is abſurd. And indeed, to confeſs the truth, it is 
hardly poſſible for a man to diſtinguiſh, with any degree of certainty, 
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ſeconds, or even ten ſeconds, with inſtruments, let them he ever ſo 


— 40 


{kilfully made; therefore, it is not at all to be wondered at, that the 
exceſſive nicety in this matter has eluded the many and ingenious en- 
deavours of ſuch {kilful operators. | | 4 
About forty years ago, whilſt I was in the iſland of St. Helena, ob- 
ſerving the ſlare about the ſouth pole, I had an Nane of obſerving, 
with the greateſt diligence, Mercury paſſing over the diſc of the Sun; 
and (which ſucceeded better than I could have hoped for) I obſerved, 
with the greateſt degree of accuracy, by means of a.teleſcope 24 feet 
long, the very moment when Mercury entering upon the Sun ſeemed to 
touch its limb within, and alſo the. moment when going off it ſtruck 
the limb of the.Sun's diſc, forming the angle of interior contact: 
whence I found the interval of time during which Mercury then ap- 


peared within the Sun's diſc, even without an error of one ſecond of 


time. For the lucid line intercepted between the dark limb of the 
planet and the bright limb of the Sun, although exceeding fine, is 
ſeen by the eye; and in ſtriking -the eye, the little dent made in the 
Sun's limb, by Mercury's entering the diſc, appears to. vaniſh in a mo- 
ment; and alſo that made by Mercury, when leaving the diſc, ſeems 


to begin in an inſtant. When I perceived this, it immediately came into 


my mind, that the Sun's parallax might be accurately determined by ſuch 
kind of obſervations as theſe ; provided Mercury were but nearer to the 


Earth, and had a greater parallax from the Sun: but the difference of 


theſe parallaxes is ſo little, as Always te be leſs than the ſolar parallax 
which we want; and therefore Mercury, though frequently to be 
ſeen on the Sun, is not to be looked upon as fit for our dapoſe, Ae 
There remains then the tranſit of Venus over the Sun's diſc; whoſe 
parallax, being almoſt four times greater than the ſolar parallax, will 
cCauſe very ſenſible differences between the times in which Venus will 
ſeem to be paſſing over the Sun at different parts of the Earth. And 
from theſe differences, if they be obſerved as they ought, the Sun's 
parallax may be determined even to a ſmall part of a ſecond. Nor do 
we require any other inſtruments for this purpoſe, than common 
teleſcopes and clocks, only good of their kind; and in the obſervers, 
nothing more is needful than fidelity, diligence, and a moderate ſkill 
in Aſtronomy. For there is no need that the latitude of the place ſhould 
be ſcrupulouſly obſerved, nor that the hours themſelves ſhould be ac- 
curately determined with reſpect to the meridian: it is ſufficient the 
clocks be regulated according to the motion of the heavens, if the times 
be well reckoned from the total ingreſs of Venus into the Sun's diſc to 


the beginning of her egreſs from it; that is, when the dark globe of Venus 
D | firſt 
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firſt begins to touch the bright limb of the Sun; which moments, I know 
by my own experience, may be obſerved to within a ſecond of time. | 
But on account of the very ſtrict laws by which the motions of the 
planets are regulated, Venus is ſeldom ſeen within the Sun's diſc: and 
during the courſe of more than 120 years, it could not be ſeen once ; 
namely, from the year 1639 (when this moſt pleaſing tight happened 
to that excellent youth Horrox our countryman, and to him only, ſince 
the creation) to the year 1761; in which year, according to the theories 
which we have hitherto found agreeable to the celeftial motions, Venus 
will again paſs. over the Sun on the * 26th of May, in the morning; 
ſo that at London, about fix o'clock in the morning, we may expect to. 
ſee it near the middle of the Sun's diſc, and not above four minutes of a: 
degree ſouth of the Sun's center. But the duration of this tranfit will be 
almoſt eight hours; namely, from two o'clock in the morning till almoſt 
ten. Hence the ingreſs will not be viſible in Exgland; but as the Sun will at 
that time be in the 16th degree of Gemini, having almoſt 23 degrees 
north declination, it will be ſeen without ſetting at all in almoſt all parts 
of the north frigid zone: and therefore the inhabitants of the coaſt of 
Norway, beyond the city Nidra, which is called Drontheim, as far as 
the North Cape, will be able to obſerve Venus entering the Sun's diſc; 
and perhaps the ingreſs of Venus upon the Sun, when rifing, will be 
ſeen by the Scotch, in the northern parts of the kingdom, and by the 
inhabitapts of the Schetland: Iles, formerly called Thule: But at the 
time when Venus will be neareſt the Sun's center, the Sun will be ver- 
. tical to tlie noriliern ſhores of the bay of Bengal, or rather over the 
kingdom of Pegu; and therefore, in the adjacent regions, as the Sun, 
when Venus enters his diſc, will be almoſt four hours toward the eaſt, 
and as many to the weſt when ſhe leaves him, the apparent motion of 
Venus on the Sun will be accelerated by almoſt' double the horizontal 
arallax of Venus from the Sun; becauſe Venus at that time is carried 
with a retrograde motion from eaſt to weſt, whilft an eye placed upon 
the Earth's ſurface is whirled the contrary way, from welt to caſt +. 
| ene age 0 ne, 
The ſixth of June according to the New Style. 3 . | 
+ I ſhall-endeavour to explain this, and. ſome of the following part of the Doctor's 
Eſſay, by a figure. 1 
In Fig. 1. of Plate II. let C be the center of the Earth, and Z the center of the Sun. In 
che right line CvZ make v to CZ as 726 is to 1015 (F 37). Let abcd be the Earth * 
Venus's place in her orbit at the time of her conjunction with the Sun; and let TSP be 
the Sun, whole diameter is 31“ 42”. s 
The motion of Venus in Her orbit is in the direction Non, and the Earth's motion on 
Ms axis is according to the order of the 24 hours placed around it in the figure. 'There- 


fore, ſuppoſing the mouth of the Gorges to be at &, when Venus is at Zin her orbit, and- 
to 


OOO of \ the Planets, from the Sen, 19 


\  Suppoſing the Sun's parallax (as we have ſaid), to be 124", the 
parallax of Venus will be 43" ; from which ſubtracting the parallax of 
the Sun, there will remain 30“ at leaſt. for the horizontal parallax of 
Venus from the Sun; and therefore the motion of Venus will be in- 
e creaſed 


to be carried from & to g by the Earth's motion on its axis, whilſt Venus moves from E to : 
in her orbit; it is plain. that the motions of Venus and the Ganges are contrary to each 
other. 8 | | | [4 

The true motion of Venus in her orbit, and conſequently the ſpace ſhe ſeems to run over 
on the Sun's diſc in any given time, could be ſeen only from the Earth's center C, which 
is at reſt, And as ſeen from that point, her tranſit over the Sun would be in the q x 
line TzU; and her motion therein at the rate of four minutes of a degree per hour. 7 is 

- the point of the Sun's eaſtern limb which Venus would ſeem to touch at the moment of 
her total ingreſs on the Sun, as ſeen from C, when ſhe is at Z in her orbit; and U is the 
point of the Sun's weſtern limb which ſhe would ſeem to touch at the moment of her be- 
ginning of egreſs from the Sun, as ſeen from C, when ſhe is at e in her orbit. | 

When the Ganges is at m (in revolving through the arc Gmg) the Sun is on its meri- 
dian. Therefore, ſince & and g are equally diſtant from m at the beginning and ending 
of the tranſit, it is plain that the Sun will be as far eaſt of the meridian of the Ganges (at 

) when the tranſit begins, as it will be weſt of the meridian of the ſame place (revolved 
from & to g) when the tranſit ends. 2 37 | 

But although the beginning of the tranſit, or rather the moment of Venus's total in- 

eſs upon the Sun at 7 as ſeen from the Earth's center, muſt be when Venus is at E in 

er orbit, becauſe ſhe is then ſeen in the direction of the right line CET; yet, at the 
ſame inſtant of time, as ſeen from the Ganges at &, ſhe will be ſhort of her ingreſs on 
the Sun, being then ſeen eaſtward of him, in the right line GER, which-makes the 
angle KET (equal to the oppoſite angle GEC) with the right line CET. This angle 
is called the angle of Venus's parallax from the Sun, which retards the beginning of the 
tranſit as ſeen from the banks of the Ganges; ſo that the Ganges muſt advance a little far- 
ther toward n, and Venus muſt move on in her orbit ſrem te N, before ſhe can be ſeen 
from G (in the right line GRT) wholly within the Sun's diſe at 7. 

Again, when Venus comes to e in her orbit, ſhe will be ſeen at Ufrom the Earth's 
center C, juſt beginning to leave the Sun, that is, at the beginning of her egreſs from his 
weſtern limb: but at the ſame inſtant of time, as ſeen from the Ganges which is then 
at g, ſhe will be quite clear of the Sun toward the weſt; being then ſeen from g in the 
right line geL, which makes an angle, as UeL (equal to the oppoſite angle Czg) with 
the right line Ce, and this is the angle of Venus's parallax from the Sun as ſeen from 
the Ganges at g, when ſhe is but juſt beginning to leave his diſc at U, as ſeen from the 
Earth's center C. | | 

Here it is plain, that the duration of the tranſit about the mouth of the Ganges (and 
alſo in the * places) will be diminiſhed by double the quantity of Venus's 
parallax from the Sun at the beginning or ending of the tranſit. For Venus muſt be at 
E in her orbit when ſhe is wholly upon the Sun at 7, as ſeen from the Earth's center C- 
but at that time ſhe is ſhort of the Sun as ſeen from the Ganges at G, by the whole quan- 
tity of her eaſtern parallax from the Sun at that time, which is the angle XET. [ This 
angle, in fact, is only 23” ; though it is repreſented to be much larger in the figure, be- 

cauſe the Earth therein is a vaſt deal too big.] Now, as Venus moves at the rate of 4 per 
hour, ſhe will move 23” in 5 minutes 45 ſeconds: and therefore, the tranſit will be 

5 min. 45 ſeconds later of beginning at the banks of the Ganges than at the Earth's cen- 
ter. When the tranſit is ending at U, as ſeen from the Earth's center C, Venus will 

- be-quite clear of the Sun (by the n of her weſtern parallax from him) as 
2 ſeen 
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creaſed 45” at leaſt by that parallax, whilſt the paſſes over the Sun's 
_ diſc; in thoſe elevations of the pole which are in places near the 
tropic, and yet more in the neighbourhood of the equator: Now, 
Venus at that time will move on the Sun's dife very nearly at the rate- 
of four minutes of a degree in an hour; and therefore 11 minutes of 
time atleaſt are to be allowed for 45 or three fourths of a minute of a 
degree; and by this ſpace of time, the duration of this eclipſe cauſed 
by Venus will, on account of the parallax, be ſhortened. And from 
this ſhortening of the time only, we might ſafely enough draw a con- 
cluſion concerning the parallax. which we are in ſearch of, provided the 
diameter of the Sun, and the latitude of Venus, were accurately 
known. But we cannot expect an exact computation in a matter of 
ſuch ſubtilty. db l Pals 2 

Me muſt endeavour therefore to obtain, if poſſible, another obſerva- 
tion, to be taken in thoſe places where Venus will be in the middle of 
the Sun's diſc at midnight; that is, in places under the oppoſite meri- 
dian to the former, or about 6 hours or go. degrees weſt of London; 
and where Venus enters upon the Sun a little before its ſetting, and 
goes off a little after its riſing. And this will happen under the above- 
mentioned meridian, and where the elevation of the north. pole is 
about 56 degrees; that is, in a part of Hudſon's Bay, near a place 
called Port- VNeſſon. For, in this and the adjacent places, the parallax. 
of Venus will increaſe the duration of the tranſit by at leaſt fix minutes 
of time; becauſe, whilſt the Sun, from its ſetting to its riſing; ſeems. 
to paſs under che pole, rhofe places on the Earth's diſc will be carried 
with a motion from eaſt. to weſt, contrary to the motion of the 
Ganges); that is, with a motion conſpiring with the motion of Venus; 
and therefore, Venus will ſeem to move more ſlowly on the Sun, and 
to be longer in paſſing over his diſc *. | | 1 


ſeen from the Ganges, then at g and this parallax will be 227, equal to the ſpace through 
which Venus moves in 5 minutes 30 ſeconds of time: fo that the tranſit will end 5. 
minutes ſooner as ſeen from the Ganges, than as ſeen from the Earth's center. 

Hence, the whole contraction of the duration of the ' tranfit at the mouth of the. 
Ganges will be 11 minutes 15 ſeconds of time: for it is 5 minutes 45 ſeconds: at the. 
beginning, and 5 minutes 30 ſeconds at the end. | 

* In F ig. 1. of Plate II. let a be the meridian of the eaſtern mouth of the Ganges, 
and the meridian of Port- Nelſon at the mouth of York- River in Hudſon's Bay, 50 
north latitude. As the meridian of the Ganges revolves from à to c, the meridian of 
Port-Netfon will revolve from 5 to d: therefore, whilſt the Ganges revolves from & to g, 
through the arc Gmeg, Port-Nelſon revolves the contrary way (as ſeen from the Sun or 
Venus) from P to p, through the arc PHp⁰. — Now, as the motion of Venus is from 


E to e in her orbit, whilſt ſhe ſeems to paſs over the Sun's diſc in the right line * as 
cen 


— 


of the Planets from the Stun, © | 21 


If therefore it ſhould happen that this tranſit ſhould be properly ob: - 
ſerved by ſkilful perſons at both theſe places, it is clear, that the dura-- 
tion thereof will be 17 minutes longer, as ſeen from Port=Nelſon, than 
as ſeen from the Eaſt- Indies. Nor is it of much conſequence” (if the 
Engliſh ſhall at that time give any attention to this affair) whether the 
obſetvation be made at Fort-George, commonly called Madras, or at 
Bencoolen on the weſtern ſhore of the iſland of Sumatra, near the 

uator. But if the Frencli ſhall be diſpoſed to take any ins herein, | 
an obſerver may ſtation himſelf conveniently enough at Pondichery on 
the weſt ſhore of the bay of Bengal, where the altitude of the pole is 
about 12 degrees. As to the Dutch, their celebrated mart at "Batavia 
will afford them a place of obſervation fit enough for this purpoſe, 
provided they alſo have but a diſpoſition to aſſiſt in advancing, in this 
particular, the knowledge of the heavens. ..And indeed I could with 
that many obſervations of the ſame phenomenon might be taken by 
different perſons at ſeveral places, both that we might arrive at a greater 
degree of certainty by their agreement, and. alſo leſt any ſingle ob- 
ſerver ſhould be deprived, by he intervention of elouds, of à fight, 
which 1 know not whether any man living in this or the next age will 
ever ſee again; and on which depends the certain and adequate ſolution: 
of a problem the moſt noble, and at any other time not to be attained 
to. I recommend it therefore, again and again, to thoſe curious Aſtro- 
nomers, who (when I am dead) will have an opportunity. of obſerving. 
theſe things, that they would remember this my admonition, and dili- 
gently apply themſelves with all their might to the making this obſerva- 


ſeen from the Earth's center C, it is plain, that whilſt the motion of the Ganges is contrary: 
to the motion of Venus in her orbit, and thereby ſhortens the duration of the tranſit at 
that place, the motion of Port-Nel/on. is the ſame way as the motion of Venus, and will 
therefore increaſe the duration of the tranſit : which may in ſome degree be illuſtrated by 
ſuppoſing,. that whilſt a ſhip is under ſail, if two birds fly along the fide of the ſhip in 
contrary directions to each other, the bird which flies contrary to the motion of the ſhip- 
wil paſs by its whole ſide ſooner than the other bird will, which flies the ſame way as the 
ip fails. 

In fine, it is plain by the figure, that the duration of the tranſit muſt be longer as ſeen. 
from Port-Nel/on, than as ſeen from the Earth's center, and longer as ſeen from the Earth's 
center, than as ſeen from the mouth of the Ganges. For Port-Nelſan mult be at P, and 
Venus at Nin her orbit, when ſhe appears wholly within the Sun at 7; and the ſame 
=_ muſt be at p, and Venus at , when ſhe appears at U, beginning to leave the 

un. The Ganges muſt be at &, and Venus at &, when ſhe appears from & upon the Sun at 
; and the ſame place muſt be at g, and Venus atr, when ſhe appears from g beginning 
to leave the Sunat U. So that Venus muſt move from MN to n in her orbit, whilt ſhe is 
ſeen to paſs over the Sun from Port-Nelſon; from E to e in paſſing over the Sun, as ſeen 
from the Earth's center; and only from R to r whillt ſhe paſtes over the Sun, as ſeen from 
the banks of the Ganges. WHEY 


tion: 
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tion: and I earneſtly wiſh them all imaginable ſucceſs ; in the firſt 
place that they may not, by the unſeaſonable obſcurity of a cloudy ſky, 
be deprived of this moſt deſirable fight; and then, that having aſcer- 
tained with more exactneſs the magnitudes of the planetary orbits, it 
may redound to their immortal fame and glory. 

| We have now ſhewn, that by this method the Sun's parallax may be 
inveſtigated to within its five hundredth part, which doubtleſs will ap- 


ar wonderful to ſome. Rut if an accurate nhſervatiun he made in 
each of the places above marked out, we have already demonſtrated 
that the durations of this eclipſe made by Venus will differ from each 
other by 17 minutes of time ; that is, upon a ſuppoſition that the Sun's 
parallax is 122. But if the difference ſhall be found by obſerva- 
tion to be greater or leſs, the Sun's parallax will be greater or leſs, nearly 
in the ſame proportion. And ſince 17 minutes of time are anſwerable 


to 12 ſeconds of ſolar parallax, for every ſecond of parallax there 


will ariſe a difference of more than 80 ſeconds of time: whence, if 
we have this difference true to two ſeconds, it will be certain what the 
Sun's parallax is, to within a 4oth part of one ſecond ; and therefore, 
his diſtance will be determined to within its 5oodth part at leaſt, if the 
parallax be not found leſs than what we have ſuppoſed : for 40 times 
12+ make 500. 

And now I think I have explained this matter fully, and even more 
than I needed to have done, to thoſe who underſtand Aſtronomy : and 
I would have them take notice, that on this occafion, I have had no 
regard to the latitude of Venus, both to avoid the inconvenience of a 
more intricate calculation, which would render the concluſion leſs evi- 
dent ; and alſo becauſe the motion of the nodes of Venus is not yet 


_ diſcovered, nor can be determined but by ſuch conjunctions of the 


planet with the Sun as this. For we conclude, that Venus will paſs 4 
minutes below the Sun's center, only in conſequence of the ſuppoſi- 
tion that the plane of Venus's orbit is immovable in the ſphere of the 
fixed ſtars, and that its nodes remain in the ſame places where they 
were found in the year 1639. But if Venus, in the year 1761, ſhould 
move over the Sun in a path more to the ſouth, it will be manifeſt 


that her nodes have moved backward among the fixed ſtars; and if 


more to the north, that they have moved forward; and that at the 
rate of 5 minutes of a degree in 100 Julian years, for every minute 
that Venus's path ſhall be more or leſs diſtant than the aboveſaid 
4 minutes from the Sun's center. And the difference between the 
durations of theſe eclipſes will be ſomewhat leſs than 17 minutes of 
time, on account of Venus's ſouth latitude; but greater, if by the 

| | motion - 
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motion of the nodes forward ſhe ſhould paſs on the north of the Sun's 
center. | K 4 
But for the ſake of thoſe, who though they are delighted with 
fidereal obſervations, may not yet have made themſelves acquainted 
with the doctrine of parallaxes, I choſe to explain the thing a little 
more fully by a ſcheme, and alſo by a calculation -ſomewhat more 
accurate, | | 

Let us ſuppoſe that at London, in the year 1761, on the 6th of 
June, at 55 minutes after V in the morning, the Sun will be in 
Gemini 15 37', and therefore that at its center the ecliptic is inelined 
toward the north, in an angle of 6 10“; and that the viſible path of 
Venus on the Sun's diſc at that time declines to the ſouth, making an 
angle with the ecliptic of 8 28“: then the path of Venus will alſo be 
inclined to the ſouth, with reſpect to the equator, interſecting the 
parallels of declination at an angle of 2 18' *. Let us alſo ſuppoſe, 
that Venus, at the forementioned time, will be at her leaſt diſtance 
from the Sun's center, viz. only four minutes to the ſouth ; and that 
every hour ſhe will deſcribe a ſpace of 4 minutes on the Sun, with a 
retrograde motion. The Sun's ſemidiameter will be 15 51” nearly, 
and that of Venus 37“. And let us ſuppoſe, for trial's ſake, that 
the difference of the horizontal parallaxes of Venus and the Sun: 
(which we want) is 31“, ſuch as it comes out if the Sun's paral- 
lax be ſuppoſed 122. Then, on the center c (Plate II. Fig. 2.) 
let the little circle AB, repreſenting the Earth's diſc, be deſcribed, and. 
let its ſemidiameter cB be 31“; and let the clliptic parallels of 22 and. 
56 degrees of north latitude (for the Ganges and Port-Nelſon) be drawn 
within it, in the manner now uſed' by Aſtronomers: for conſtructing 
ſolar eclipſes. Let Bc 4h be the meridian in which the Sun is, and to 
this, let the right line FHG, repreſenting the path of Venus, be in- 
clined at an angle of 2® 18“; and let it be diſtant from the center c 240. 
ſuch parts, whereof cg is 31. From c let fall the right line H, per- 
pendicular to FG ; and ſuppoſe Venus to be at Hat 55 minutes after V 
in the morning. Let the right line FG be divided into the horary 


* I am fully convinced that this is an overſight in the Doctor, occaſioned by his 
placing both the Earth's axis ch (Fig. 2. of Plate II.) and the axis of Venus's-orbit cH 
on the ſame fide of the axis of the ecliptic c&; the former making an angle of 8* 28” 
therewith, and the latter an angle of 6® 107; the difference of which angles is only 
2* 18“. But the truth is, that the Earth's axis, and the axis of Venus's orbit will lie 
on different ſides of the axis of the ecliptic, the former making an angle of 69 there- 
with, and the latter an angle of 82. Therefore, the ſum of theſe angles, which is 
14˙ (and not their difference 2 18') is the inclination: of Venus's viſible path to the 
equator and parallels of declination. 
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ſpaces. II IV. IV V. V VI, &c. each equal to H; that is, to 
4 minutes of a degree. Alſo, let the right line KL be equal to the 
difference of the apparent ſemidiameters of the Sun and Venus, which 
is 15' 132 ; and a circle being deſcribed with the radius KL, on a 
center taken in any point within the little circle Ag repreſenting the 
Earth's diſc, will meet the right line FG in a point denoting the time at 
London when Venus ſhall touch the Sun's limb internally, as ſeen from 
the place of the Earth's ſurface that anſwers to the point aſſumed in the 


Earth's diſc. And if a circle be deſcribed on the center c, with the 


radius KL, it will meet the right line FG in the points F and G; and 
the ſpaces FH and GH will be each equal to 14' 4”, which ſpace Venus 
will appear to paſs over in 3 hours 40 minutes of time at London; there- 
fore, F will fall in II hours 15 minutes, and G in IX hours 35 minutes 


in the morning. Whence it is manifeſt, that if the magnitude of the 


Earth, on account of its immenſe diſtance, ſhould vaniſh as it were 
into a point; or if, being deprived of a diurnal motion, it ſhould 
always have the Sun vertical to the ſame point c, the whole duration 


of this eclipſe would be 7 hours 20 minutes. But the Earth in that 


time being whirled 'through 110 degrees of longitude, with a motion 


contrary to the motion of Venus, and conſequently the abovemen- 


tioned duration being contracted, ſuppoſe 12 minutes, it will come eu 


7 hours 8 minutes, er 107 degrees, nearly. 8 


Now, Venus will be at H, at her leaſt diſtance from the Sun's en- 


ter, when in the meridian of the eaſtern mouth of the Ganges, where 
the altitude of the pole ic about az degrees. The Sun therefore will be 


equally diſtant from the meridian of that place, at the moments of the 
ingreſs and egreſs of the planet, vig. 53 degrees; as the points and 


+ (repreſenting that place in the Earth's diſc AB) are, in the greater 


parallel, from the meridian BcA. But the diameter ef of that parallel will 
be to the diſtance ab, as the ſquare of the radius to the rectangle under 
the ſines of 33. and 68 degrees: that is, as 1 2 to 40" 13“. And by a 


good calculation, (which, that L may not tire the reader, it is better to 
_ ,omit) I find, that the circle deſcribed on the center a, with the radius 


KL, will meet the right line FH in the point M, at II hours 20 minutes 
40 ſeconds; but that being deſcribed round & as a center, it will meet 
HG in the point N at IX hours 29 minutes 22 ſeconds, according to the 
time reckoned at London: and therefore, Venus will be ſeen entirely 
within the Sun at the banks of the Ganges for 7 hours 8 minutes 
42 ſeconds: we have then rightly ſuppoſed that the duration will 
be 7 hours 8 minutes, fince the part of a minute is here of no 
conſequence, | 


But 
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But adapting the calculation to Port Neſon, I find; that the Sun 
being about to ſet, Venus will enter his diſc; and immediatelyafter his 
riſing ſhe will leave the fame. - That place is carried in the inter- 
mediate time through the hemiſphere oppoſite to the Sun, from c to d, 
with a motion conſpiring with the motion of Venus; and therefore, the 
ſtay of Venus on the Sun will be about 4 minutes longer, on account 
of the parallax; ſo that it will be at leaſt 7 hours 24 minutes, or 
111 degrees of the equator. And ſince the latitude of the place is 
56 degrees, as the ſquare of the radius is to the rectangle contained 
under the fines of 55% and 34 degrees, ſo is AB which is 1 2", to c 
which is 28” 33“. And if the calculation be juſtly made, it wilt ap- 
pear, that a circle deſcribed on the center @ with the radius XL, will 
meet the right line EA in O, at II hours 12 minutes 45 ſeconds ; and 
that ſuch a circle deſcribed on d as a center will meet HG in P. at 
IX hours 36 minutes 37 ſeconds ; and therefore the duration at Port- 
Nelſon will be 7 hours 23 minutes 52 ſeconds, which is greater than at 
the mouth of the Ganges, by 15 minutes 10 ſeconds of time. But if 
Venus ſhould paſs over the Sun without having any latitude, the dif- 
terence would be 18 minutes 40 ſeconds z and if ſhe ſhould paſs 4 
north of the Sun's center, the: difference would amount to 21 minutes 
40 ſeconds, and will be ſtill greater, if the planet 's north latitude. be 
more increaſed. | TR I Ter” e 

From the foregoing hypotheſis it follows, that at London, when the 
Sun riſes, Venus will have entered his diſc ; and that, at IX hours 
37 minutes in the morning ſhe will touch the limb of the Sun inter- 
nally in going off; and laſtly, that ſhe will not entirely leave the Sun 
till IX hours 56 minutes. K! 

It likewiſe follows from the ſame s, that the center of 
Venus ſhould juſt touch the Sun's northern limb in the year 1769, on 
the third of June at XI o'clock at night. So that, on account of the 
parallax, it will appear in the northern parts of Normay entirely within 
the Sun, which then does not ſet to thoſe parts; whilſt, on the coaſts 
of Peru and Chili it will ſcem to travel over a ſmall portion of the diſc 
of the ſetting Sun; and over that of the riſing Sun at the Malucca 
Nandi, and in their neighbourhood.— But if the nodes of Venus 
be found to have a retrograde motion (as there is reaſon to believe from 
ſome later obſervations they have) then Venus will be ſeen. every 
where within the Sun's diſc; and will afford a mach better method for 
finding the Sun's parallax, by almoſt the greateſt difference in the 
durations of theſe eclipſes that can poſſibly happen. 


E But 
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But how this parallax may be deduced from obſervations made 
ſomewhere in the Eaft-Indzes, in the year 1761, both of the ingreſs 
and egreſs of Venus, and compared with thoſe made in its going off 
with us; namely, by applying the angles of a triangle given in ſpecie 
to the circumference of 2 equal circles; ſhall be explained on ſome 
other occaſion. | bo es. 


XARKTICYH EYE 


S Beceing that the Sun's parallax cannot be fo nearly aſter- 
rained by the tranſit of 4 enus, As has been generally 
expected; and why. 


'. Although it is evident that Doctor HAL LEV has explained his 
method with great modeſty and ſome doubtfulneſs, and told us that the 


Sun's parallax may be only determined within its five hundredth 


part thereby, provided it be not leſs than 12, and that Venus ſhould 
not paſs more than 4 minutes of a degree below the Sun's center, 


which he even ſuſpects ſhe will, and has taken all proper pains not to 
raiſe our expectations too high on that account; yet, from his well 
known abilities, and character as a great Aſtronomer, it ſeems mankind 


in general have laid greater ſtreſs upon the method he has preſcribed, 


than he ever deſired them to do. Only, as he was well convinced it was 
by far the beſt method by which this high problem can ever be ſolved, 


he warmly recommended it on that account.— It is plain that he had 


not then made a ſufficient number of obſervations, whereby to deter- 


mine with certainty whether the nodes of Venus's orbit had any motion 


at all; or if they had, whether it be forward or backward, with re- 
ſpe to the fixed ſtars. And conſequently, having not then made his 
own tables, he was obliged to take his calculations from others, which 


allow of no motion to theſe nodes, and had alſo reckoned the time of 


the tranſit to be about half an hour too late. | | tes. 

51. But more modern obſervations prove, and ſo do the Doctor's 
tables which were made from his on obſervations after he wrote the 
aboye paper, that the nodes of Venus s orbit move backward in the 
ſtarry heaven, at ſuch a rate, that Venus will be almoſt 10 minutes 
of a degree below the Sun's center at the middle of her tranſit; by 
which means, the line of the tranſit will be ſo much ſhortened, as will 


- make the whole duration af Venus on the Sun to be about an hour and 


a quarter leſs than if ſhe had paſſed only 4 minutes below the 1 
8 | 5 
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of the Sun; and therefore, her parallax from the Sun will be ſo much 
diminiſhed at places on the Earth's ſurface, both at the beginning and 
end of the tranſit, that the difference of its durations as ſeen from the 
banks of the Ganges, or from Pondicbery, Bencoolen, or Batavia, will 
not amount to 1 1 minutes of time, from that of its duration as ſeen 
from the Earth's center. {41409 

52, But this is not all: for although the tranſit will begin at Parr- 
Nelſon before the Sun ſets to that place, it will be entirely over before 
he riſes next morning, on account of its ending ſo much ſooner than 
the Doctor expected from the tables, to which he was then obliged to 
truſt, So that, as no purpoſe could be anſwered by ſending obſervers 
to Port-Neſſon, none will be ſent to that place ; and hence we are quite 
deprived of the advantage that was judged would ariſe from the con- 
trary motion of Port-Netſon to that of the Ganges and adjacent places 
in the Eaft- Indies. | 5 „ 

53. As 1 now intend to trace this affair through all its intricacies, fo 
as to render it as intelligible to the reader as I can, there will be an 
anavoidable neceſſity of dwelling much longer upon it than I could 
wiſh. And as it is impoſſible to lay down truly the parallels of lati- 
tude of plzces, and the ſituations of the places themſelves, in ſuch a 
ſmall diſc of the Earth as the Doctor gives in his diagram, ſo as thereby 
to meaſure the durations of the tranſit, with the times of its beginning 
and ending at theſe places, and for which he confeſſes that he was 
obliged to make tedious calculations'; I Thalt'take another method, 
whereby the quantities of the parallaxes may be"etfily meaſured on a 
ſcale with a pair of compaſſes; and then ſhew by d Very eaſy calcula- 
tion in the common rule of proportion, how much the duration of the 
tranſit, at any given place, is affected by the parallax. In this, I ſhall 
firſt ſuppoſe with the Doctor that the Sun's parallax is 122, and then 
ſhew, in the next article, how nearly its 1 ray be found, from 
the obſerved difference of the duration of the tranſit at different places. 
54. Both the Sun's center and the Earth's are always in the plane of 
the ecliptic. But as the north pole will incline 22+ degrees toward the 
Sun on the day of the tranſit, becauſe the Sun's declination will: then 
be 22+ degrees north of the equator, all thoſe northern places whoſe 
latitude is greater than the Sun's declination; and which are on the en- 
lightened part of the Earth during the time of the tranſit, will be on 
the northern fide of the plane of the ecliptic; and therefore, tlie tranfit- 
line will be farther ſouth on the Sun's diſc, as ſeen from them, than as 
ſeen from the Earth's center: and the farther ſouth the ſaid line is on 
the Sun, the ſhorter it will be; and fo of courſe will the duratien of 
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the tranſit. Thoſe places whoſe northern latitude is leſs than the Sun's 
declination, and are on the enlightened part of the Earth during the 
tranſit (eſpecially if its middle be about their noon) will be on the ſouth 
fide of the plane of the ecliptic ; and ſo alſo mult all the places be which 
lie on the ſouth fide of the equator ; and therefore, to all theſe, the viſi- 
ble line of the tranſit will be more northward upon the Sun, than it would 
be as feen from the Earth's center, and the duration will thereby be in- 
creaſed But to thoſe places which move in the plane of the ecliptic 
at that time, the line of the tranſit, as ſeen from them, will be the 
ſame upon the Sun, as if it were ſeen from the Earth's center; and ſo 
the duration of the tranſit at them can be affected by nothing beſides 
the eaſtern or weſtern parallax of Venus from the Sun, at the time 
when the tranfit begins or ends at the Earth's center. And hence 
it may be preſum d, that ſome places in the neighbourhood of the 
Ganges, (for example, Calcutta) would be very proper for obſervation, 
ſince they would have the whole advantage of the parallax of longi- 
tude to contract the duration, without almoſt any parallax of latitude 
_ to contract or to len gthen it. For, both at London and Bencoolen, 
arallaxes act againſt one another: thus, at London, the paral- 
— longitude (or of Venus from the Sun) increaſes the duration of 
a tranſit at its ending; but the parallax of latitude, arifing from the 
northern ſituation of London, diminiſhes it, and that in ſuch a 
manner, as their effects will nearly deſtroy one another: and at 
Bencoolen,  Batavia,| and the adjacent places, the parallax of longitude 
diminiſhes the duration of the tranſit, and the parallax. of latitude 
increaſes it; but it will be more ſhortened by the former, than lengthened 
by the latter. What allowances muſt be made for the affections by 
parallax of latitude, we ſhall ſhew in the next article. 

55: It is plain by 5 38 and 39, that if the Sun's horizontal parallax 
be 12=”, the horizontal parallax of Venus from the Sun, on the day 
of the tranſit, muſt be 31”. Therefore, to thoſe places near the 
equator, where the Sun riſes at the time the tranſit begins as ſeen from 
the Earth's center, Venus will be 31“ ſhort of the Sun toward the 
eaſt; and to thoſe places about the equator where the Sun ſets at the 
end of the tranſit, ſhe will be 31 clear of the Sun to the weſt. The 
Sun will be juſt riſen on the north-eaſt coaft of Africa ; in the kingdom 
of Adel, . the tranſit begins; and will ſet 1 in New Guinea, 7 of 
the iſle of Celebes, when it ends. 

56. We come now to the method of conſtruction 1 
In $ 53. In Fig. 3. of Plate III. make the line AB of any con- 


vepient length for a ſcale, and divide it into 3 equal * _ 2 
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of which ſhall be a ſecond of Venus's parallax, cither from or upon 
the Sun: and taking the whole length of AB in your compaſſes, ſet 
one foot in Cas a center (Fig. 2.) and deſcribe the circle EBDA for 
the Earth's enlightened diſc, whoſe diameter is 62”, or double the 
horizontal parallax of Venus from the Sun. In this diſc, let AB be 
a ſmall portion of the ecliptic, and ECD its axis. e ls e 
57. Ihis figure is a repreſentation of the Earth's enlightened diſc, as 

ſeen from the Sun, at the time of the tranſit. In it, the parallels of 
latitude of London, the eaſtern mouth of the Ganges, Bencoolen, and 
St. Helena, are laid down in the manner that they would appear to an 
obſerver on the Sun, if they were really drawn in circles on the Earth's 
ſurface, and could be viſible at ſuch. a diſtance. But as the rules for 
delineating ſuch a figure are too long to be inſerted here, and are 
exactly the ſame as thoſe preſcribed for ſuch delineations in con- 
ſtructing ſolar eclipſes, I muſt refer the reader to my book of Aſtro- 
nomy, where he will find the whole method deſcribed. _ . 58 
Ihe points where the curve lines (called hour- circles) XI N. X N, &c. 
cut the parallels of latitude, or paths of theſe four places on the Earth's 
diſe, are the points at which the places themſelves would appear in the 
diſc, as ſeen from the Sun, at theſe hours reſpectively. And when 
either of the places comes to the line M, by the Earth's diurnal 
motion, it is noon at that place; the difference of abſolute time be- 
tween their noons being in proportion to their difference of longitudes, 
allowing an hour for every 15 degrees difference of longitude, and 
4 minutes of time for every degree. vey "A 
58. The diſtance of theſe places from the ſolar meridian MCS, at 
any hour or part of an hour, being meaſured upon the ſcale AB 
(Fig. 3.) will be equal to the parallax of Venus from the Sun at that 
time, either to the eaſt or welt of her true place, as ſeen from the 
_ Earth's center, as the time is before or after noon at the places them- 
ſelves. And their diſtances from the ecliptic AC will be equal to the 
northern or ſouthern parallax of latitude of the viſible tranſit- line on 
the Sun, as ſeen from them, with reſpe& to the poſition of the true 
line of the tranſit, as ſeen from the Earth's center C. To all the places 
which are on the north ſide of the ecliptic, the viſible. tranfit will 
be more ſouthward on the Sun than its true poſition, as Teen from the 
Earth's center ; and to all the places which are on the ſouth fide of the 
ecliptic, the viſible tranſit will be northward of its true poſition, as ſeen 
from the Earth's center. The north pole is marked N, and is in the 
enlightened part of the Earth's diſc ; for the Sun ſhines oj it, 1 


his "dedination is north: and the ſouth pole is marked &, which lies 
hid in the obſcure part of the diſc. | _ 

59. The true duration of the tranſit could be ſeen only By an 
obſerver at the Earth's center (ſuppoſing the Earth to be tranſparent 
Hke glafs) becauſe his place would have no motion, and conſequently 
there could be no parallax to affect the duration. To ſuch an ob- 
ſerver, the whole duration, from the moment of Venus's total ingreſs 
upon the Sun to the beginning of her egreſs from him, would be 
5 hours 52 minutes, as will evidently appear by a projection of the 
tranſit-line on the Sun's diſc, croſſing the axis of the ecliptic g 43 
below the Sun's center; in which line, the true motion of Venus, as 

ſeen from the Earth's center, is at the rate of 4 minutes of a degree 
Per hour, according to the tables; and the points in that line which 
-are hid by the center of Venus, at the moments of her two internal 
contacts with the Sun's limb, are 28 minutes paſt II in the morning 
at London, and 20 minutes paſt VIII. 

60. We ſhall reckon the whole duration of the tranſit to be the inter- 
val between the moments of the two internal contacts of Venus with 
the Sun; that is, the moment of her total ingreſs upon the Sun ſhall 
be called the beginning of the tranſit, and the moment when her 
egreſs from the Sun begins ſhall be called the end; becauſe theſe in- 
ſtants are the moſt conſpicuous for obſervation; and Dr. HALL REV has 
aſſured us that they may be obſerved, each, to a fingle ſecond of 
time; fince he could obſerve the like in the tranſit of Mercury, 
although that planet is much farther from the Earth than Venus is, at 
„„ 

61. The beginning of the tranſit will not be viſible at London, 
becauſe the Sun will not then be riſen; but the middle and end will be 
ſeen. — At the middle, London will be at L on the Earth's diſc, as ſeen 
from the Sun, and at 7 when it ends. See Fig. 2. 

Draw La and id, each perpendicular to the general meridian MCS; 
and taking La in your compaſſes, meaſure that extent on the ſcale 
AB (Fig. 3.) and you will find it to be 19 ſeconds, which is the 
eaſtern parallax of Venus on the Sun, as ſeen from Zondon, at the 
middle of the tranſit, as ſeen from the Earth's center; or the difference 
between her true place on the Sun, as ſeen from the Earth's center, and 
her apparent place thereon as ſeen from London. Then, meaſure the 
line id upon the ſame ſcale, and you will find it to be 16%; and fo much 
is the eaſtern parallax of Venus on the Sun, at London, when the 
tranſit ends at the Earth's center, Therefore Venus will be 16 _ of 
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her beginning of egreſs from the Sun, at London, when her egreſs 
begins at the Earth's center. 

62. The eaſtern. mouth of the Ganges is 99 degrees caſt of the 
meridian of Landon, Therefore, when it is 28 minutes paſt II in the 
morning at Landon, (& 59) it will be 24 minutes paſt VIII in the morn- 
ing at the Ganges; and when it is 20 minutes paſt VIII at London, it will 
be 26 minutes paſt II in the afternoon at the Ganges. 

Therefore, when the tranſit begins at the Earth's center, the eaſtern 

mouth of the Ganges will be at G, as ſeen from the Sun, and at 8 
when the tranſit ends. 
Draw Ge and gh, each perpendicular to the meridian NGS, 8 mea- 
ſure them on the ſcale: the former will be 224 ſeconds for the eaſtern 
parallax of Venus from the Sun, as ſeen from the Ganges, when the 
tranſit begins at the Earth's center; and the latter will be 16 —_ 
for the weſtern parallax of Venus from the Sun, when it ends; 

63. Bencoolen is 102 degrees caſt of the meridian: of Londen, * 
therefore, when the time is 28 minutes paſt II in the morning at 
Londen, it is 16 minutes paſt IX in the morning at Bencoolen ; and 
when it is 20 minutes paſt VIII in the morning at Londen, it is 
8 minutes paſt III in the afternoon at Bencoolen. Therefore, as ſeen 
from the Sun, Bencoolen will be at B when the tranſit begin at the 
Earth's center; and at & when it ends. 

Draw Bi and #4, each perpendicular to the meridian Nos, and mea- 
ſure their lengths on the ſcale AB; the former will be found 19+ 
ſeconds for the caſtern parallax of Venus from the Sun, as ſeen from 
Bencoclen, when the tranſit begins at the Earth's center; and the latter 
will be 22+ ſeconds for the weſtern parallax, when it ends. | 
. Only the end of the tranſit will be viſible at Sz. — hog which 
place being 6 degrees weſt of the meridian of Lauda, when it is 
20 minutes paſt VIII in the morning at London, it will be only 
- 56 minutes paſt VII in the morning at Str. Helena. Therefore, as ſeen 
from the Sun, S. Helena will be at H when the tranſit ends as ſeen 
from the Earth's center. 

, Draw In perpendicular to the meridian NCS, and . its 
length in the ſcale Ah, which you will find to be 26 ſeconds, for the 

caſtern parallax of Venus on the Sun, as ſeen from St. Heleua, when 
the tranſit ends as ſeen from the Earth's center. 

65. To all theſe places, the parallax of Venus. is caltwars: inabe 
forenoon, and weſtward in the aſternoon. — Therefore, Venus will te 
later in coming to any given point of the Sun's diſc in the forenoqn, as 
ſeen from theſe places, than as ſeen from the Earth's center; and = 
wi 
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will come ſooner to any given point of the Sun's diſc in the afternoon, 
as ſeen from them, than as ſeen from the Earth's center: for a para 
lax to the caſt keeps her back, and a parallax to the welt carries her 
forward. If this be not well attended to, we may make wrong con- 
cluſions in ſome particulars. —To avoid which, let it be remembered, 
that as the beginning of the tranſit is inviſible both at London and 
St. Helena, and the end of it is in the forenoon at both theſe places, 
Venus will have an eaſtern parallax, as ſeen from both of them, when 
the tranſit ends at the Earth's center; and therefore, its ending at.thern - 
will be later than at the Earth's center. At the Ganges and Bencvolen, 
the | parallax is eaſtward when the tranſit begins, becauſe the time 
is in their forenoon ; and weſtward when it ends, becauſe the time is in 
their afternoon. Conſequently, the tranſit will begin later, and end. 
ſooner, at theſe two places, than at the Earth's center. 

66. We now collect the above times and parallaxes, in order to have 
them at hand in computing their influences on the duration of the 
tranſit. 'E ſignifies eaſt, W weſt, M morning, A afternoon. 


Beginning. Parallax. } Ending. Parallax, 
| H. Min. 1 H. Min. „ 
The Earth's center II 28 M. o VIII 20 M. o 
London - - <- Inviſible _ VIII 20 M. 16E. 
At ¶ Ganges -''- VIII 24 M. 224 E. II 16 A. 167 W. 
Bencuo lem [IX 16 M. 19 E.] III 8 A. 222 W. 
LS. Hans - Invifible — | VII 56M. 26 E. 


67. If the viſible line of che tranſit, or path of Venus over the Sun's 
diſc, were the ſame as ſeen from theſe four places on the Earth's ſur- 


face, its durations at them could be affected only by the quantities of 


theſe parallaxes from their meridians. — We ſhall at preſent ſuppoſe it 
to be the fame; and after having computed the quantities of contrac- 


tion and protraction in time, ariſing from the ſaid parallaxes, we ſhall 


ſhew in the next article what allowances muſt be made on account of 
the different lengths of the tranfit-line, ariſing from the parallaxes in 
latitude of Venus on the Sun's diſc; which is northward to thoſe 
places that are on the ſouth fide of the plane of the ecliptic on the 
Earth's diſc, and ſouthward to thoſe places which are on the north 
fide thereof. | | t 

68. It appears by the theory of Venus, that her true motion on the 
Sun, as ſeen from the quieſcent center of the Earth, will be 4 minutes 


(or 240”) of a degree per hour; therefore, in a minute of time ſhe 
Fr will 
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will. run over 4 ſeconds on the Sun's. diſc, and, conſequently, over 
1 ſecond in 15 ſeconds: of time. 

69. At Londhn, the parallax. is 16” caſtward when the tranſit. ends af 
the Earth's center. Say therefore, as 240 is to one hour or 60 minute 
of time, ſo is 16" to 4 minutes of time; and o muc later would 
tranſit end at London than at the Earth's center, if it nen only? 10 et 
by this ſingle parallax: and hence, the ending at London wo 
VIII hours 24 minutes in the motning . See $6. 5 0 65, e ed 
the three following caſes. | - + r 

70. At the eaſtern mouth of the Ganges, the parallax i 1 217 "calls 
ward, when the tranſit begins at the Earth's. center,” EL? refore,. 
240 is to 60 minutes, ſo is: 224 to 5 minutes 41 ſech ds; 
and ſo much later would the tranſit begin at the Ganges, an, at 
the Earth's center, if nothing beſides this parallax bea it: and 
conſequently, the beginning at the Ganges would be. at. VIII. hours 
29 minutes 4.1 ſeconds in the morning. 

At the fame place, the parallax is 16;” weſtward when the tranſit 
ends at the Earth's center. Therefore, as 240 is\.to 60 minutes, ſo 
is 162 to 4 minutes 7 ſeconds of time; and ſo much ſooner would 
the tranfit end in the Ganges than at the Earth's center. Hence, 
the ending at the Ganges would be at 1 hours 11 minutes $3 \ſecqnds 
in the afternoon. 

Thus, the whole contraftion of Fund... of the tranſit at the Calbe 
by the eaſtern and weſtern. parallaxes of Venus from the Sun, is 
9 minutes 48 ſeconds of time (viz. 5 minutes 41 ſeconds at the 
beginning, and 4 minutes 7 ſeconds at the end) and ſo much 
ſhorter" will the duration be at the Ganges than as ſeen from, the 
Earth's center.. L 10 £1) 28 £9 nN 

71. At Bencoolen, the curate is 194 925 eaſt when the tranſit begins at 
the Earth' s center. Therefore, as 240" is to 60 minutes: of time,. ſo 
is 193“ to 4 minutes 52 ſeconds of time; and ſo much later would 
the tranſit begin at Bencoolen than at the Earthts center. 80 that, 
by this parallax, the beginning woes be at IX hours 20 —_— 
52 ſeconds in the morning. 

At the ſame place, the parallax is 222“ weſtward whe the toinkt 
ends at the Earth's center. Therefore, as 240“ is to-. 60 minutes, ſo 
is 22 to 5 minutes 37 ſeconds of time; and ſo much ſooner would 
tlie tranſit end at Bencoolen than at the Earth's center: hende, the 
ending, by this parallax, would be at III hours 2 n e 


in the afternoon. | a Me dei, 
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—— the whole contraction of duration at Bentoslen, hy the eaſtern 
lax at the beginning of the tranſit, and the weſtern parallax at the 
end, would be 10 minutes 29 ſeconds; which kya ſeconds more 


than at the mouth of the Ganges. 
72; At St. Helena, the parallax is 26" exſtward when. che tranſit 


ends at the Earth's center. Therefore, as 240” is to bo minutes of 
time, fo is 26” to 6 minutes of time; and ſo much later would the 
tranſit end at St. Helena, by means of this parallax, than at the Earth's 
center. Hence, the ending at St. Helena would be at VIII hours 
2 minutes 30 feconds in the morning. 

73. Having ſhewn the inffuenees of the daſtern and weſtern paral 
lars of Venus on the duration of the trunſit, we come next to ſhew 
what muſt ariſe from her northern and ſouthern parallaxes, which will 
be rendered more intelligible by a projection of the viſible lines of che 
tranſit on the Sun's difc, than it could nn eee 5 


ARTICLE. VIII. 


Shewing how to projet? the tranſit of Venus on the Sun's 45 iſe, 
" ar ſeen from een, plas of the Barth; n e. mi 
be allawances mentioned in 867. | 


74 The Proper elements for this oonftrusden are as follow : 


I. The true time of conjunction of the Sun and Venus, as ſeen from 
the Earth's center, and feckoned accordit to the equal time at 
London, on the 6th of June 1761, is at V 42 46 minutes in * 
morning, according to Dr. HALLEY's tables. 


nM. The geocentric, or viſible latitude of Venus at that time o a3” 
fouth. 


III. The angle of the tranſit-line with the ecliptic, as fern, from we 
_Earth's center, 8˙ 31“ the angular point or deſcen ing, node 
being eaſtward from the Sun, as ſcen from the Earth; the Sun 
in 150% 35, 5s of Gemini, and the aſcending node in Gewifi 


1 29 
IV. . 15 50”. 


. 


177 


15 * 
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VI The- inclination of the axis of, Venus's viſible path-to the axis of 
the ecliptic, 8 31 f the ſouthern half of the axis of her path lying 

to the left hand of the fouthern half of the axis of dae epd. as 
ſeen from the Earth. 

IX. The true motion of Venus in the line of her tranſit, as ſeen From 
the Earth's center, 4. minutes of; a degr ee per hour: 

xX. The inclination of the Earth's axis to — axis of the ecliptic, 6 0 
the ſouthern half of the Earth's axis lying to the left hand of the 
ſouthern half of the axis of the ecliptie, as ſeen from-the Sun. 

XI. The inclination of the axis of wn ann to the Barack 


I4® 37. 


74 Thee elements being colleed, . a ſcale of any comredibate 


EY as that of Fig. 1. in Plate III. and divide it into 17 equal parts, 
each whereof ſhall be taken for a minute of a degree: then, divide 
an minute next to the left hand into 60 equal parts for ſeconds, by 
diagonal lines, as in the figure 
76. Draw ACG (Fig. 47 for a ſanall portion of the ecliptic, and 
perpendicular: thereto draw CvE for the axis: of the ecliptic... 
77. Take the Sun's. ſemidiameter 15 50 in your compaſſes Gain 
the ſcale, and with that extent as a radius, ſetting one foot'in C as a 


center, deſcribe the ſemicircle AEG for the ſouthern half of: the Sun's | 


diſc, becauſe the tranfit is on that half of the Sun. | 

78. Take the . conjuation; 9 43” » 
in your compaſſes from the ſcale, and fet that extent from C to v on 
the axis of the ecliptic ; becauſe the viſible latitude of Venus is fo far 
ſouth of the Sun's center, at the moment of her conjunction with the 
Sun. 

79. Draw the right line CM, making an angle of 8 31 with the 
axis of the ecliptic, to the left hand, — this line ſhall be the axis of 
Venus's viſible path over the Sun's diſc. 

: 80. Through the point of conjunction u, in the axis of the el 
draw the right line rr for the viſible path of Venus, or line of her 
tranſit over the Sun, at right angles to the axis of her orbit CZD 3 
which will divide the line of her trandit into the two equal parte 49 
and tr. 

81. Take ms ae motion on the Sun; , from the Kale 
with your compaſſes; and with that extent make marks on the tranſit 
line gtr. The equal ſpaces from mark to mark ſhew how much-of 
that line Venus moves through i in each hour, as ſeen from the Earth $ 


center, whilſt ſhe continues on the diſc of the Sun. 
| F 2 "mc Divide 
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82. Divide each of theſe horary ſpaces; from mark to mark, into 
60 equal parts or minutes, and ſet the hours to the proper marks, in 
ſuch a manner, that the true time of conjunction of the Sum and Venus, 
which is 46 minutes after V in the morning, may fall into the point v, 
where the tranfit- line cuts the axis of the ecliptic: ſo the points v ſhall 
be the inſtant of conjunction; and: the middle of the tranſit, which 
is at 24 minutes after V in the morning, as ſeen from the Earth's 
center, and reckoned by the time at Londen.” , 
83. Take the difference between the ſemidiameters of the Sun and 
Venus, 15 12”, from the ſcale with your compaſſes; and with that 
extent, ſetting one foot in the Sun's center C, deſcribe the ares M and 7 
with the other, cutting the tranſit-line in the points æ and }, which are 
thoſe. on the Sun's diſc that are hid by the center of Venus, at the 
moments of her two internal contacts with the Sun's Iimb at M and N: 
the former of theſe is the moment of the total ingreſs of Venus upon 
the Sun, vix. at II hours 28 minutes in the morning, as ſeen from the 
Earth's center; and the latter is the motnent' when? her egreſs from 
the Sun begins, as ſeen froni the Earth's center, vig. at VIII hours 


er £ ; 
er: 17 1 


20 minutes in the morning, according to the time at Bomon The 
| EY 


interval between theſe times is 5 hours '52 minutes. EE 

84. The central ingreſs of Venus on the Sun is the moment when 
her center ĩs directly even with the Sun's eaſtern limb, which is at 2, 
at 15 minutes after II in the morning; and her centtal egreſs from the 
Sum is the moment when her center is directly even with the Sun's 
weſtern lnb, which is at i, 33 minutes after VII in the morning, as 


ſeen” from the Earth's center, and reckoned by the time at London. 


The interval between theſe times is 6 hours 18 minutes. 
85. Take the ſum of the ſemidiameters of the Sun and Venus, 


160 27x”, in your compaſſes from the (Elle; and with'that extent, ſetting 


one foot in: the Sun's center C, deſcribe the ares & and R with the 


other, cutting the line of the tranſit in the points and 7. Theſe are 
the points in open ſpace (clear of the Sun) where the center of Venus 
is, at the moments of her two external contacts with the Sun's limb, 
at & and ; or the moments of tlie beginning and end of the 
tranſit aslſſeen from the Earth's center; the former: of: which is at 
3 minutes after II in the morning at London, and the latter at 
45 minutes after VIII. The interval between theſe times is 6 hours 


* a * 


42 minutes. 


36, Take the ſemidiameter of Venus, 372 in your compaſſes 


from the Teale'; and with that extent, on the points 9, E, 7; r, and 7, as 
centers, deſcribe the circles HS, MI, PN, WY, and OF, for the * 
21 a 7 f 0 
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o Venus, at her firſt contact S, her total ingreſs. at M, her beginnin 
of egreſs at N, her laſt contact at V, and her place on the Sun at OF 
E / ets ls 
87. Draw the right line Cf, making an angle of ée with the axis 
of the ecliptic, CVE toward the right hand in this projection, which 
will be to the, left as ſeen from the Sun. So Cf ſhall be the ſouthern 
half of the Earth's axis produced to the whole length of the Sun's 
ſemidiameter, and making an angle of 14 31 with the axis of Venus's 
orbit CD. The uſe of the Earth's axis in this projection is for thoſe 
who may chooſe to draw the Earth's diſc round Cas a center, with the 
radius 31“ (which is the difference between the horizontal parallaxes of 
the Sun and Venus) and lay down the paths of places therein, in 
order to find the times of the beginning and ending of the tranſit at 
theſe places, according to the Doctor's method. eee 
88. We come now to the method of finding Venus's parallax 
of latitude on the Sun, as ſeen from different places on the Earth's 
ſurface; and to ſhew its influence on the duration of the tranſit as ſeen 
from theſe places, according as their fituations on the Earth's diſc are 
north or ſouth of the great circle in which it is cut by the plane of 
the ecliptic, both when the tranſit begins and ends as ſeen from the 
Hart's center... tf. „„ - 1. A | 
89. It appears, by what has been ſaid in & 61. concerning Fig. 2. of 
Plate III, that, as ſeen. from the Sun, London will be at Lon the 
Earth's, diſc, at the middle of the ,trandir, and at when it ends: at 


** 
> 


— — 


both which, and the intermediate times, London is on the north fide of 
the plane of the ecliptic A CB; but nearer to that plane at / than at L. 
Therefore, the line of the tranſit, as ſeen from London, will be to the 
ſouth of the true line of the tranſit, as ſeen from the Earth's center, 
but nearer thereto at the end than at the middle. For the north latitude 
of a place from the plane of the ecliptic will depteſs the viſible latitude 
of Venus on the Sun by a ſouthern parallax ; and the ſouth latitude of a 
place from the plane of the ecliptic will elevate the viſible latitude of 
Venus on the, Sun by a northern parallax. See & 12 and 123. 


90. The mouth of the Ganges is at G, a little on the north ſide of 


the ecliptic, at the beginnipg of the tranſit; very near it at the middle; 
and at g directly in its plane at the end. Therefore, the viſible tranſit 
at the Ganges will be a little ſouth of the central tranſit. from the be- 
ginning to the middle, and coincident with it from the middle to the 


end. | 3 
91. Bencoolen at B is ſouth of the ecliptic at the beginning of 'the 


tranſit, and alſo at 7 when it ends; but ſtill more ſo at Pe midlle, 
a; by I Phefefore, 
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Therefore, the whole viſible line of the tranfit at Bencvoſen will be 
north of the central tranſit- line: and, ſince the motion of Bercoolen is 
in a curve as ſeen from the Sun, Venus will move over the Sun's diſc 
in a curve bending the contrary way, as ſeen from Bencobien; a little 
farther north of the central tranſit at the middle than at the beginning 
and end, but ſomewhat nearer at the beginning than at the end. 
92. Sr. Helena (where only a ſmall part of the tranſit is viſible) will 

be at H when the tranſit ends; and then, its diſtance from the plane of 
the ecliptic will be ſo nearly the fame as that of Bencooler, that the 
difference is not worth any notice. | 

93. Draw Lf and la, each perpendicular to the plane of the ecliptic 
ACB, Fig. 2. of Plate III, and meaſure their lengths on the ſcale AB 
(Fig. 3.) the former is 25” for the fouthern parallax of Venus on the 
Sun's diſc, as ſeen from London at the middle of the tranſit; and the 
latter is almoſt 20” for the ſouthern parallax of Venus on the Sun 
when the tranſit ends. #7 

94. Draw G dicular to the plane of the ecliptic, and mea- 
ſure its 2 ſcale AB, ilch will be 6“ Fi the fouthern 
parallax of Venus on the Sun when the tranſit begins, as ſeen 
from the Ganges. There is no parallax in latitude to that place 
when the tranſit ends, becauſe it is then in the plane of the ecliptic 
at g. Zaire! 70 wil an def 38 (185; 
95. Draw By and bm perpendicular to the plane of the ecliptic, and 
* them on the ſcale A5: the former is 83“ for the — 
parallax of Venus on the Sun when the tranſit begins at Bencvolen; 
and the latter is 12 for the northern parallax at the end.—At the 
middle, the northern parallax is almoſt 14 | 

96. Draw Ho perpendicular to the plane of the ecliptic, and mea- 
ſure it on the ſcale, which will be 117 for the northern parallax at 
St. Helena, when the tranſit ends. | $44.3 

97. If theſe parallaxes (5 93, 94, 95, 96) be taken in ſeconds from 
the ſcale (Fig. 1.) and ſet off, parallel-wiſe to the axis of the ecliptic 
(Fig. 4.) from the central tranſit line i, below or above it, according 
as the places themſelves are above or below the plane of the ecliptic in 
Fig. 2. and lines, as oLp, cil, and aB be drawn through theſe points 
of diſtance, they will be the viſible lines of the tranſit as ſeen from 
London, the Ganges, Bencoolen,' and St. Helena: to the two Jaſt it is fo 
nearly the fame, that the difference may be neglected in fo ſmall a 
figure. | | 
98. Now, as the arc N cuts all theſe lines in the points at which the 
center of Venus will be on the Sun, at the moment of her total _ 
©2009 015717 1 ; within 
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within his eaſtern limb, as ſeen from the above places; and the arc 7 


cuts them all in the points where the center of Venus will be ſeen on 
the Sun at the moment when her egreſs Dre at his weſtern limb; it 


is eaſy to find how much ſhorter or longer the viſible line of the tranſit 
is, from the total ingreſs to the beginning of egreſs, at thoſe places, 
than the true tranſit-line A as ſeen from the Earth's center. For, 

I. If the laſt half Ly of the tranſit for London be taken in the 
compaſles, and meaſured from : towards / on the central tranſit- 
line, it will be found to be 5 minutes ſhorter. Therefore, the paral- 
lax in latitude will ſhorten the tranſit at its n at Landon by 
5 minutes of time. 

In § 69, it was found, that by the eaſtern parallax of Venus Grow 
the Sun, the tranſit would end at London at 24 minutes after VIII in 
the morning. From which time, ſubtract the affection by the parallax 
of latitude, viz. 5 minutes, and it gives the time of ending of the 
tranſit at London, namely, at VIII hours 19 minutes in the morning. 

II. The firſt half zc of the tranſit at the Ganges, meaſured as above, 

is a minute ſhorter than the firſt-half r of the central tranſit line; but 
the laſt half z/ is of the ſame length with that of the central tranſit, 
becauſe it is coincident therewith. T herefore, the viſible tranſit at the 
Ganges will be contracted only one minute of time at the beginning, 
and nothing at all at the end, by the parallax of latitude. 
Hence, if to the time mentioned in § o We only add a minute at 
the beginning, we ſhall have the time when the tranſit begins and 
when it ends at the Ganges; ſo that the beginning will be at VIII hours 
30 minutes 41 ſeconds in the morning, and the — win be at 
Ir hours 11 minutes 53 ſeconds in the aſternoon. 

III. The firſt half 4B of the viſible tranſit-line ata will be 
found 2 minutes longer, and the laſt half Bb 2+ minutes longer, 
than that of the central tranſit-line, by means of the parallax of 
latitude. 

Therefore, if we ſubtract 2 minutes from the time the tranſit begins 
at Bencoolen by the eaſtern, parallax of Venus from the Sun, and add 
2 minutes 30 ſeconds to the time of its ending by that parallax, as 
mentioned in 871, we ſhall have the viſible time of the beginning 
and ending of the tranſit at Bencoolen, viz. the beginning at IX — 
18 minutes 52 ſeconds in the morning, and the ending; at * hours 
4 minutes 53 ſeconds in the afternoon. 

IV. The end b of the tranſit- line at SF. Helena falls ko Ber uf in wich 
its end at Beuccolen: and therefore, we have only a minutes go ſeconds 
for the parallax of latitude to add to the time of ending of the: tranſit 


mentioned 


aun 


morning, for the true time of ending of the tranſit at London. 
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mentioned in 8 72: and hence, the viſible time of ending at St. Helene 
will be at VIII hours 5 minutes in the morning. th 7 
99. Let theſe matters be collected into a little table, ſhewing at 
what times the tranſit begins and ends at the places themſelves ; and 
what the fame inſtants are at London, by reducing the times according 
to the difference of meridians. See & 62, 63, 64.— The beginning Is 
inviſible at London, but the ending is at VIII hours 1H minutes in the 
Wang a x ebe , Nb one". . - 


The times at theſe Places. | At London. 
Beginning. Ending. | Beginning. Ending. 
MIOFY en 8. H. M. 8. TH.M. S8. H. M. 8. 
The Ganges VIII 30 41 M.] II II 53 II 34 41 M. VIII ig 50 M. 
Bencoolen IX 18 52 M. III 4 53 II 30 52 M. VIII 16 53M. 
St. Helena Inviſible M. VIII 5 o Inviſible M. I VIII 29 OM. 


Too. And now I preſume, that moſt of my readers will think -theſe 
are the true times of the beginning and ending of the tranſit; which 
indeed they would be, if it fell on the 21ſt of June, all other circum- 
ſtances being as above related. - For then, the eaſtern and weſtern 
parallaxes of Venus from the meridian VCS (Fig. 2.) would be the 
ſame with her parallaxes in longitude, becauſe the plane of the meri- 
dian would coincide with the axis of the ecliptic CED. But as that is 
by no means the cafe on the 6th of June (the day of this tranſit) when 
the Earth's axis is inclined to the axis of the ecliptic in the projection; 
in order to have the true times, we muſt take the neareſt diſtances of 
the above places from the axis of the ecliptic (when the tranſit begins 
and when it ends at the Earth's center) and meaſure them, as above 
directed, on the ſcale AB (Fig. 3.) for the true parallaxes of Venus 
in longitude from the Sun; and reduce them into time, as ſhewn in 
$ 69, 70, 71, 72 ; and apply them as there directed, together with the 
parallaxes in latitude mentioned & 98. | 

I. Thus, the neareſt diſtance of London (7) from the axis of the eclip- 
tic CED) when the tranſit ends at the Earth's center, being meaſured 


on the ſcale, is 14 for the parallax in longitude ; which being re- 


duced to time makes 3 minutes 30 ſeconds, to be added to the ending 
of the tranſit at London mentioned in & 66, vig. VIII. hours 20 minutes 
in the morning, and it gives VIII hours 23 minutes 30 ſeconds ; from 
which ſubtract 5 minutes for the parallax of latitude (& 98, Ne I.) 
and there will remain VIII hours 18 minutes 30 ſeconds in the 
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II. The difference between the parallaxes in longitude and paral- 
laxes from the meridian, at the Ganges, is ſo ſmall, that it is hardly 
worth notice; eſpecially as no obſervations are to be made at that 

eas | | | 
" III. The neareſt diſtance of Bencoolen (B) from the axis of the 
ecliptic being taken in the compaſles, and meaſured upon the ſcale, is 
21” for the parallax of the longitude at the beginning of the tranſit, 
anſwering to 5 minutes 15 ſeconds in time ; which being added to the 
time of beginning at Bencoolen mentioned in & 66, vzz. IX hours 
16 minutes in the morning, gives IX hours 21 minutes 15 ſeconds ; 
from which ſubtract 2 minutes for the parallax of latitude ($ 98, Ne III.) 
and there remains IX hours 19 minutes 15 ſeconds, for the true time 
of the beginning of the tranſit at Bencoolen. IT) 
The fame place, being at when the tranſit ends at the Earth's cen- 
ter, is 22” from the axis of the ecliptic ; which being reduced to time 
is 5 minutes 30 ſeconds for the parallax of longitude ; this ſubtracted 
from the ending of the central tranſit at Bencoolen, (& 66) vix. III hours 
8 minutes in the afternoon, leaves III hours 2 minutes 30 ſeconds ; to 
which add 2 minutes 30 ſeconds for the parallax of latitude ($ 98, 
No III.) and it gives III hours 5 minutes o ſeconds for the true time of 
ending of the tranſit at Bencoo/en, 

IV. The leaſt diſtance of Str. Helena. ( from the axis of the eclip- 
tic, when the tranſit ends at the Earth's center, is 27” ; which being 
reduced to time, is 6 minutes 45 ſeconds for the parallax of longitude, 
to be added to the ending of the central tranſit at St. Helena, viz. 
VII hours 56 minutes (F 66); and the parallax of latitude 2 minutes 
30 ſeconds (5 98, Ne IV.) is alſo to be added; which, in all, gives 
VIII hours 5 minutes 15 ſeconds, for the true time of ending of the 
tranſit in the morning, at Sr. Helena. 

And theſe times may be reduced to the times at London, by ſub- 
tracting 6 hours 48 minutes from the times of beginning and ending 
at Bencoolen, and adding 24 minutes to the time of ending at St. Helena; 
theſe being the temporary difference of their meridians from the meri- 
dian of London. 3 

101. All this is on ſuppoſition that the Sun's horizontal parallax is 
124, and that the tables do give us the exact time of conjunction of 
the Sun and Venus, and alſo her true latitude. I have particular 
reaſons for believing that the latitude is accurate, but that the above- 
mentioned times will be found to anticipate the true obſerved times by 
about 5 minutes, and that the diameter of Venus on the Sun will not 


be found to ſubtend an angle of more than 1 2 3 
G 102. It 
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10. It ſeems that Bencoolen is the only place where the Engliſh are 
to make obſervations on the whole duration of the tranſit; which, 
according to the above computations, will be 5 hours 45 minutes 
45 ſeconds. From this we are to ſubtract 4 minutes 30 ſeconds for 
the affection of the tranſit by the parallax of latitude, and then there 
will remain 5 hours 41 minutes 15 ſeconds ; which being ſubtracted 
from the true duration of the tranſit as feen from the Earth's cen- 
ter, Viz. 5 hours 52 minutes, there will remain 10 minutes 45 ſeconds 
for the whole contraction of duration, arifing from the parallaxes 
in' longitude of Venus from the Sun at the beginning and ending 
of the tranſit, as ſeen from the Earth's center. And this 10 minutes 
45 ſeconds is all that we have to go to work with, for finding the true 
quantity of the Sun's horizontal parallax ; inſtead of 17 minutes, which 
Dr. HaLiLty expected from the contrary motions of the Ganges and 
Port-Nejon, together with a conſiderably longer tranſit ariſing from 
the fmalter-quantity of Venus's latitude. —So that now, we fhall have 
only an advantage in proportion to that which the Doctor expected, as 
10 aninates 45 feconds (or 64 5 feconds) is to 17 minutes (or 1020 ſe- 
conds.) Therefore, as 1020 is to 500, ſois 645 to 316 nearly. Hence, 
inftead of being able to find the Sun's parallax to within its 5oodth 
part, we muſt reſt ſatisfied at preſent with being able to find it to 
withm its 348th part: which indeed is ſurprizingly near, in compariſon 
of the former methods, which could never come nearer than a 1oth or 
32th part at moſt. 1 | 5 
103. If the whole contraction of duration at Benccolen, ariſing both 
from the parallares in longitude and latitude of Venus, is found by ob- 
ſervation to be 6 minutes 15 ſeconds (or 375 ſeconds) it will prove the 
Sun's horizontal-parallax to be 122”, provided the geocentric latitude of 
Venus be ꝙ 43” ſouth, at the inſtant of her conjunction with the Sun, 
which may be found by obfervation; for, ſuch a parallax of the Sun, 
and fuch a latitude of Venus, muſt neceſfarily produce ſuch a contrac- 
tion in the duration of the tranſit: and then, by F 38, the horizontal 
parallax of Venus's muſt be 43 . If the contraction is found to be 
greater or leſs, the parallaxes of the Sun and Venus muff be greater 
or leſs accordingly. Thus, fuppoſing the whole contraction at Ben- 
cooken ſhould only amount to 5 minutes 15 ſeconds (or 315 ſeconds) 
then, the Suns horizontal parallax can be only 104“, and the horizon- 
tal parallax of Venus only 365 For, as 375 feconds-of time is to 
327 Of ppt, ſo is 315 feconds of time to 10%” of parallax. 
And having thus gained the quantity of the Sun's horizontal 
paratlax from the contraction of the tranfit, his diſtance from — 


* 
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Earth may be found by the analogies in rg, and the diftances Pall 
the other planets from the Sun by & 1 and 2. 

704. Having reaſon to — that the tables give the e con- 
junction of the Sun and Venus 5 minutes fooner than it will be, that 
Dr. HArLEY has ſtated the ſemidiameter of Venus at leaſt. 6” too 
much in the latter part of his Diſſertation, and that the Sun's horizontal 
parallax is much about 107“; I ſhall now take the liberty to give my 
own opinion concerning the times of the beginning and coding of the 
tranſit, according to a large projection thereof on a folar diſc 30 inches 
in diameter, conſtructed from the following elements. 1. That the 
true conjunction of the Sun and Venus will be at 51 minutes aſter V 
in the morning at London. 2. That the true geocentric latitude of Venus 
at that time will be ꝙ 43 ſouth. 3. That the Sun's ſemidiameter 
is then 15 50”, 4. That the ſemidiameter of Venus is 31". 5. That 
the horizontal parallax of Venus from the Sun is 264”. 6: That the 
Earth's axis wilt then be inclined to the axis of Venus's orbit 14. de- 
grees. And, 7. That the true motion of Venus on the Sun will be 
4 of a degree per hour, as ſeen from the Earth's center. 

And hence, the abfolute times of Venus's total ingreſs on the Sun, 
and of her beginning of egreſs from him, reduced to the meridian of 
London, and the different durations of the tranſi from ingreſs to egreſs, 
will be as follows. 


Beginning. End. Duration. 

H. Min. Sec. H. Min. Sec. H. Min. Sec. 
The Earth's center II 31 OM. VI 27 OM. S 56 © 
| London - - - I 3 32 M. VIII 26 8 M. 5 48 26 
At ¶ Ganges - - - If 35 YM. VIII 24 150 M. 5 490 6 
Ben coolen II 33 29 M. VIII 24 14 M. 5 50 45 
Sr. Helma - - It 36 38M.|VII 34 34 M. 5 57 56 


Which times, being reduced to the meridians of the three laſt * 
places, are at the 1 292 themſelves as nne M fignifies — 
A en 


Be in ing. End. | Duration. 

The Ganges VIII it M.] II 20 1gA.| 5:49: 6 
Ar} Bec - IX 21 29 M.] III 12 14 A. 5: 50 48 
St. Helena = II 12 . VIII io 34 M.] 5 57 56 


rs 311 X&11614:+ J 
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So that the whole effect of the parallaxes, both in longitude and 
latitude, will be, to contract the duration of the tranſit 5 minutes 
34 ſeconds at London, 6 minutes 54 ſeconds at the Ganges, 5 minutes 
15 ſeconds at Bencoolen, and to protract the duration 1 minute 56 ſe- 
conds at Str. Helena. 5 < ai | 
From the firſt contact to the total ingreſs, and from the beginning 
of egreſs to the laſt contact, will be about 20 minutes, | 

105. St. Helena is a very proper place for obſerving this tranſit at, 
even though the end can only be ſeen there: for at that time, the 
| parallax of Venus from the Sun will be almoſt equal to the whole 

Rey of her horizontal parallax from him. And by comparing 

e obſerved times of ending of the tranſit at London, Bencoolen, and 
St. Helena, the differences thereof will be very good helps toward the 
ſolution of this moſt defirable problem. 

106. In the year 1769, there will be another tranſit of Venus 
over the Sun, much more convenient for inveſtigating the Sun's 
parallax ; but no part of it will be viſible in Britain. For the time of 
conjunction of the Sun and Venus will be on the 3d of June, at a 
quarter paſt X in the evening at London, at which: time it will be 
midnight at Torne in Lapland: but as the Sun will then be only 
2 degrees below the horizon of that place, the whole of the tranſit will 
be viſible, excepting only a little about the middle, which is of no 
ſignification. At that time, the Sun will be vertical in the Great South- 
Sea, in north latitude 224 degrees, and eaſt longitude from the meri- 
dian of London 170 degrees. At that time, it will be about half an 
hour paſt ten in the morning at the Salomon Jes. If proper obſervers are 
ſent to Torne, and to ſome of theſe iſlands, they will have the like 
advantage as was mentioned by Dr. HALLEy with regard to the Ganges 
and Port-Nelſen. For the Solomon Jſies will have a.contrary motion to 
that of Venus, which: will accelerate her motion on the Sun as ſeen 
from them; and Torne will have a motion the ſame way as that of 
Venus, which will retard her motion on the Sun as ſeen from it. And 
conſequently, there will be almoſt the greateſt poſſible difference in the 
duration of the tranſit at theſe two places.— It were much to be wiſhed, 
that our Aſtronomers would neither ſpare coſt nor labour in duly ob- 
ſerving this tranſit, as there will not be ſuch another opportunity in 
100 years afterward, Fl I 
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10%. The title of this map, and the lines drawn upon it, together 
with the words annexed to theſe lines, and the numbers hours and 
minutes] belonging to the dotted lines, explain the whole of it ſo well, 
that no farther deſcription ſeems requiſ ite. 
108. So far as I can examine the map by a good globe, the black 
curve lines are truly drawn, for ſhewing at what places the tranſit will 
begin, or end, at ſun-riſfing or ſun-ſetting, to all thoſe places through 
which they are drawn, according to the calculated times in the map; 
but I queſtion much whether the tranſit will begin at ſun- riſe ta any - 
place in Africa, that is weſt of the Ned. Sca; and am pretty certain 
that the Sun will not be riſen to the northmoſt part of Madagaſcar 
when the tranſit begins, as M. DR LISTE reckons the firſt contact of 
Venus with the Sun to be the beginning of the tranſit. So that the 
line which ſhews the entrance of Venus in the Sun's diſc at ſun- riſing, 
ſeems to be a little too far to the weſt in the map, at all places which are 
to the ſouth of Aſa Minor: but in Europe, I think it is very well. 
109. In delineating it, I had M. DR LIsLE's map of the tranſit 
before me. And the only difference between his map and this is, 
1. That in his map, the times are computed to the meridian of Paris; 
in this, they are reduced to the meridian of London. 2. I have changed 


his meridional projection ill that of the equatoreal; by which, I appre- 


hend, that the black curve lines, ſhewing at what places the tranſit 
begins, or ends, with the riſing or ſetting- ſun, appear more natural to 
the eye, and are more fully ſeen at once, than in the map from which 
I copied : for, in that map, the lines are interrupted and broke in the 
meridian that divides" the hemiſpheres ;| and the places where. they 
ſhould join cannot be ſeen ſo readily by thoſe who are not well-ſkilled 
in the nature of ſtereographical projeQtions.—The like may be ſaid of 
many of the dotted curve lines on which are expreſſed the hours and 
minutes of the beginning or ending of the tranſit, which are the abſo- 
lute times at theſe places through which theſe lines are drawn, computed 
to the meridian of London. 

110. In the foregoing part of this treatiſe, I have conſidered the be- 
ginning of the tranſit to be at the moment of Venus's internal contact 
with the Sun's eaſtern limb ; and the end of it to be at the 3 
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her internal contact with the Sun's weſtern limb; for the reaſon 


given in & 60. But M. PR L'IsLE has reckoned the moment of 


Venug's firſt contact with the Sun's eaſtern limb to, the beginning 
of the trapfit, and the moment. of her laſt contact with the Sun's 
weſtern: limb to be the end of the tranfit ; which indeed, properly 
ſpeaking, it is. 
From the moment of the firſt contact to that of the total egreſs or 
internal contact with the Sun's eaſtern limb, will be about 20 minutes; 
and from the moment of beginning of egreſs, or laſt internal contact, 
to that of the total exit of Venus from the Sun, will be much about 20 
r 44 | 6h | 
111. By the above calculation of the times in F 104, with the addi- 
tion of 20 minutes for the total exit of Venus from the Sun, I find; 
that at Lonabs the ſaid exit will be at VIII hours 46 minutes 8 ſeconds; 
at Bencoolen, it will be at VIII hours 44 minutes 14 ſeconds; and at 
St. Hal at VIII bours 54 minutes 34 ſeconds. By comparing theſe 
times with thoſe in the map, I find my calculation 8 ſeconds later than 
in the map at London; 46 ſeconds earlier than in the map at Bencoolen; 
and 'only aboat' 2 ſeconds earlier than the map gives the time of 
St. Helena. Which of theſe comes neareſt the 4 muſt be deter- 
114. M. DR LI, in a memoir preſented to the French king 
with his map, propoſes rather to find the Sun's diſtance by accurate 
obſervations made at different places, on Venus's going off the Sun's 
diſc, than by Dr. HAatrzr's method of finding the fame by obſerva- 
tions on 1 of the —_ ee of the tranſit at dif- 
ferent places; and points out the Cape 0 Hope and 7 in 
Siberia. where the difference cauſed 4 will be 112 — ve 
but he ſays, that if the obſervers could go ſtill father to the eaſt, as to 
Yakow/# in Siberia, the advantage would be ſtill greater, becauſe the 
difference of time between Venus's exit from the Sun at 7akoutſe and 
at the Cape of Good will be 134+ minutes. He alſo mentions, that 
there are ſome places in the north of Exrope, as Wardbus and Archangel, 
where the fame advantage. would nearly be gained, as at Tobo//e. If 
the Sun's diſtance is to be found in this manner, it will require that the 
e of theſe places be firſt determined to the greateſt degree of 
ferne. DY | 
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The e of Venus 1 the Sun © is duct 
ME. wo as well as the moſt uncommon appearance; Wut tie Ups 
ptefent to us. For more than a century paſt it Has been "prech 
as to happen in the year 1761, Aſtronomers Have been extohing 
the uſe that may be made of it, and exherting' AI who Halt de 2 
the good luck to fee it to profit as muth as | . 


obſervation. tet e ee 
And indęed, what would not one undertake in the Prefpeek of this 


rare phenomenon ? wWhoſe advantages once let Nip, | could not Ig 8 
trieved by any effort of genius, by the moſt unweatied ſtudy, 

by the encouragement of the greateſt princes. Bot as It wi 1 | 
ſary, if we would make a proper uſe of this: tranſit, that it be r | 
in America * and in the Eq. Indies, we found ourſelves obliged” to 


ive the following account of it; earn Fees it te 
Se of al perſons capable of len b W ae ee in u 
prefent inquiry. Ii M 
Kepler having, from Tycho's ctv, 8 his "Rulolphine 
Tables, faw very well that Mercury and Venus muſt” fornetimes pats 
over the diſc of the Sun: and accordingly gave notice of two tranfits of 
Venus, one in the year 1631, the other in 1639, in a quarto pamphlet 


publiſhed at Leipſic 1629 (. Adnonitib ad Aftronamos rerumgue cœlſtium 


Nudigfis de miris rariſque anni 1631 phenomenis, Veneris puta & Mercuris 

in Solem mcurſu). Kepler died a Tow days before that which he had 
fixed for the tranfit of Venus 1631; a 0 Gaſſendi who looked for it 
at Paris was diſappointed, (Vid. fercurius 1 Sole wiſus, & Venus 
inviſa). The truth is, a Ah degree of inaccuracy in the Rudol- 
pbine Tables gave a tranſit of Venus in 1631, when there was 


I have ſheyyn in 5 52, that obſervations would profit, nothing at Port Nelſon in North 


America. 
none; 


* 


48 Vs mene uf) the Diftatres 
none; and gave no tranſit for 1639, the year in which it actually 


. * 5 D 

Hotthor: a young Engliſh Aſtronomer, having amuſed himſelf in 
calculatin 1 from the tables of Lanſberg (far leſs correct 
than thoſs 0 K. concluded from thence, the firſt of any, that 
Venus would pals over the Sun in the year 1639; and prepared him- 
ſelf to make this obſervation. - Lanſberg's tables gave an error of 16' in 
latitude, and the Rudolphine Tables only an error of 8. But the error 
of Lanſberg elevated Venus above the Sun's difc, and that of Kepler 
made her paſs below it. By this means, very bad tables produced 
an excellent ' obſervation ; they were in eſteem at that time, becauſe 
they had not been examined; and their author had puffed them with 
an impoſing aſſurance . Follows the whole of HokROx's obſervation, 
extracted: from a paper which he drew up in 1640, a little before his 
death, and which HEVELIius publiſhed in 1662, at the end of his 
Mercurins in Sole viſus, pag. 111. . 17 To, 
The 24th of November, old ſtyle, Venus entered the Sun's diſc, 
about 6+ degrees from his nadir, that is, from a verticle line drawn 
through his center. i SR $5 15K 

At III hours 15 minutes the diſtance of the centers of the Sun and 
Venus was 15 39% at III hours 35 minutes it was 14 40, and at 
III hours'45 minutes, the diſtance was 14 /. All this on the ſuppoſi- 
tion that the Sun's diameter was 32 36“; as I find it muſt have been at 
that time. The diameter of Venus, meaſured: ſeveral times, ſeemed 
to be at moſt 1 18“. If this quantity is not quite exact, the error is 
rather"in exceſs ; for I am ſure-Venus's diameter was not greater than 
this. And indeed, Mr. Crabtree, a friend of Mr. Horrox's who lived 
about 8 leagues off, towhom he had given notice of this phenomenon, 
red, ot at no more than -7- parts of the Sun's diameter, that is, 
at 1 *. : a : 


The French writers are particularly noted for their candor and politeneſs toward the 
learned of other nations. e muſt therefore impute the ſlight and very faulty account 
here given of Mr. Hox Rox and his obſervations to the author's being unacquainted with 
his hiſtory and ſtudies, Mr. Horrox's poſthumous works, publiſhed by Dr. WAIIIs, 
would have informed him, that this incomparable youth was ſo far above the rank of an 
Almanack- maker, or an implicit collector from tables, that he truſted to no tables what- 
ever, till he had corrected them from his own obſervations.— That he did not, as in- 
ſinuated, ſtumble on the tranſit of Venus through the errors of Lanſberg; but was led 
to it by his own corrections of her motions.— That from the 15th to the 23d, the laſt 
year of his life, he had cultivated all parts of Aſtronomy with ſuch affiduity and ſucceſs, 
that in a —— more, he muſt have carried it as far as it could go without the help of 
Sir ISAAC NEwTON's principles. | 


HoRRox's 
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Honxox's obſervations were made near Life in Langatins gin 
latitude' 537 20', longitude: weſt from Paris 14 — 13 enge of | 
time; by projecting the Sun's: diſs through a teleſcops. And the con- 
eluſions he draws, which I have reduced as above to a ſolar diameter 
af 32 36“, are as follow, The differences in longitude 20 46. 
9042 910% ; latitude of Venus I 2% 110½%“/ 10 460 for the 
three inſtants above mentioned reſpectively. It was neceflary to 
r obſervations, that they may be compared with thoſe 
In the year 1691, Mr. HAT LRV gave in a paper upon the tranſit of. 
Venus (Lowthorp's Abridgment, pag. 434): in which he obſerves, 
from the tables then in uſe, that Venus returns to a conjunction in her 
aſcending node in a period of 18 years wanting 2 days 19, Hours 
52 minutes. But that in the ſecond conjunction ſhe will have got 
24 41” farther to the ſouth than in the preceding. That after: a pemod 
of 235 years 2 hours 10 minutes 9 ſeconds, ſhe returns to a conjunte- 
tion mote to the north by 11 33“, And after 243 years, wanting 
43 minutes, in a point more to the ſouth by 13' 8", But if the ſecond. 
eg is in the year next after a biſſextile, it will happen a day 
S ten 3 APN 4 PIES 14 as on os Hobo vw; 
The intervals of the conjunctions at the deſcending node are ſome - 
what different. The ſecond happens in a period of 8 years wanting 
2 days 6 hours 5 5 minutes; Venus being got more to the north by 
19 58“. After 235 years 2 days 8 hours 18 minutes, "ſhe is 9 21” 
more ſoutherly: if the firſt year is a biſſextile, a daꝝ muſt; be added. 
In fine, after 243 years o days» hour 23 minutes; the conjunction hap- 
ens 10' 37” more to the north; or a day later, if the firſt year was 
biſſextile, It is ſuppoſed, as in the old ſtyle, that all the centurial years 
are biſſextiles. F ee e 
Hence Mr. HArLE finds the years of the vulgar era in which a 
tranſit may happen at the aſcending node, in the month of November, 
to be theſe, —918, 1161, 1396, 1631, 1639, 1874, 2109, 2117: and 
the tranſits in the month of May, old ſtyle, at the deſcending node, to 
_—_ to the years 1048, 1283, 1291, 1518, 1520, 1761, 1769, 
oc 2604 —,. .,- 714 eons 5 
ü 4 5 the firſt caſe, Mr. HAlLEV makes the viſible inclination of Venus's 
orbit to be 9* g, her-horary motion 4.17". In the latter, old ſtyle, he 
finds the viſibte inclination to be 87 287, and the horary motion 4 00%. 
In either caſe, the greateſt poſſible duration of a tranſit is 7 hours 
56 minutes. ou TM TR F 


n 
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Mr. HATLLEY could even then conclude, that if the interbal 
in time between the two interior contacts of — with the Sun 
could be meaſured to the exactneſs of à ſecond; in two places 
properly ſituated, the Sun's parallax might be determined with. 
in its Foodth part. But ſeveral years after, he explained” this con- 
cluſion more fully, as follows. Pbilgſ. Tranfs oy 348, pag. 45 or 
Jones's Abridgment, ag. 230. 

Having already i rey the Doctors bole: Diſſertation here bee 
(in Article VI.) with ſome explanatory notes, there is no occaſiun for re- 
peating it again; and therefore, we ſhall proceed to the. reft WR the memoir 
in the Connoiſſance des Temps. ] 

M. Dr L'IsLE has uſed the fame method of: -projeRtion to and the. 
eſſeck of the parallaxes in the tranſits of 'Marcuty (Mem. de Fane: 
1743s P48: 419.) 

calculations at the beginning of this book * differ winch 105 
Mr. HaLLzy's, being done from his own new tables, together with 
the new. elements of nutation and aberration, 'the place of the node 
determined by M. De la Caille, in the year 1747, and its annual preceſ- 
ſion of 190. 12, from the attraction of the other planets, as computed 
by myſelf + (Mem. de F Acad. 1754). This difference of elements re- 
quires ſeveral new operations in finding the effect of the parallaxes ; for 
which purpoſe I ſhall uſe'a method that is independent of projections, 
and analogous to that which I employed for ann from the ob- 
ſeryations of Mercury (em. de I Acad. 1754. 

I ſuppoſe the geocentric latitude of Venus at the time of the conjunc- 
tion to be K Per „ * 8 31 "77> 3 ; that of Venus x TT 


8 
** 
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In pag. 5 of the Conmiſſence as Tempe, it is thus : 

June 6. The geocentric conjunction of Venus and the Sun at 

in the morning, their common longitude being u 15% 37. 33 


Venus's center, ſeen from the Earth's center, enters the Sun's be © 
The _ diſtance of their centers, as ſeen from the Earth's center 
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The i of the egrels, as ſeen from the Eatth's center 59 2 
4 zs ſeen from Paris 1 


Venus's center on the Sun's limb, as ſeen from the Earth's center 53 
| 3 as ſeen from Paris 2 
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Foul . as ſeen from the Earth's center: - 
as ſeen from Paris y — — —. 24 38 


y M. 2 la Lande, of the Royal Academy of Sciences at Paris. | 8 
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the' Sun's parallax, 10”; that of Venus 36" 131 ; \the- difrelics; of the - 


parallaxes 2 5.13; half the time of the tranſit, ſeen ftom the Earth's 
center, 3 hours. 8 minutes 2 ſeconds. Having computed-the angle of 
the vertical circle with the meridian, for the given tirfleand place, I add 
to it 6 9 for the angle which the meridian makes with the circle of lati- 


tude in the forenoon, and ſubtract the ſame angle in the afternoon; the 


ſum or difference being the angle which the vertical makes with the 
circle of latitude. And comparing this angle-with that of the orbit and 
circle of latitude, which is 98 30' for the ingreſs, and 8 10 30' for the 
egreſs, I get the angle of the vertical with the orbit; from whence-it 
will be eaſy to deduce Venus's parallax from the Sun, both upon the 


orbit itſelf and a line perpendicular to it. The former, Which L Cal 


the parallax of longitude, will retard both the ingreſs and egreſd if 
they happen before noon, and will accelerate them if they happen in 
the afternoon ;''each ſecond of longitudinal parallax producing 15. 0654 
ſeconds of time, and ſo proportionably. The parallax'of latitude will 


ſhoxten or lengthen the chord which the planet deſcribes'on the Sun's 


diſc, and conſequently the ſemidoration of the tranſit; every ſecond of 
this parallax will make a difference of ''i 224; ſeconds in the ſemi- 
duration ; and this difference will be of the — denomination as the 
former, ir che vertical paſſes between the n of Venus and che circle 
of latitude on the Sun's diſe. L c HI 24144139). 2, 

In the latitude of 56% in America *, the i nd bees happevi ng 
about 65 from the meridian, the angle of "be vertical with the circle 


of declination will be 305 38, Iso che evening we find the angle of the 


vertical with the orbit to be 1355 17 ; ho Work parallax of longitude 17”: 59, 
its effect in time 3 minutes 22 ſeconds; the effect of the parallax of 
latitude,” of a contraty denomination; 41 27” :.'and thence 55 ſeconds 
for the acceleration of the ingreſs, ' For the egreſs next" morning we 
have roße 59“ for the angle of the vertical with the orbit; 24% 03 of 
longitudinal parallax, in time 4 minutes 50 ſeconds ; the effect of the 
parallax of latitude 1 minute 44 ſeconds of time, of a contrary deno- 
mination, The egreſs therefore falls latet by 3 minutes 6 ſeconds, and 
the total effect of the parallaxes increaſes. the time of the tranſit by 
4 minutes 1 ſecond. 

Towards the mouth of the Ganges, in latitude 226, ſuppoſing the 
middle of the tranſit to be at noon, the ingreſs and N will fall 
3 hours 20 minutes diſtance from it: and thence the angle of the ver- 


I imagine the place "tt meant is Port- Nelſan in North America. 
H 2 tical 
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tical with the meridian will be 79 350 that of the vertical and orbit ia 
the forenoon 2g 6'; the effect 7 e parallax of longitude 4 minutes 
24 ſeconds, that of the parallax of latitade 1 minute 39 ſeconds, and 
conſequently; the ingreſs. will be retarded by 6 minutes 3 ſeconds. In 

the afternoon, the angle of the vertical and orbit is 4 14' the vertical 


falling not between the orbit and circle of latitude : fo that the effect of 


the — of longitude, which is 4 minutes 50 ſeconds, is diminiſhed 
* ſeconds by the parallax of latitude. The egreſs therefore is acce- 

by 4 minutes 33 ſeconds; and the total diminution of the time 
of the tranſit is 10 minutes 36 ſeconds *. 

It may he difficult to ſend obſervers to 6, hours, or 9⁰ a Ade 
to the caſt or weſt of the meridian of Paris; but it may do tolerably 
well if they go 82 to Pondichery, or Madras, and better ill if an Aſtro» 
nomer takes his ſtation in the more northern parts of America; or at 
leaſt in the dominions of Rwuffia or Sweden, beyond the polar circle; 
that both the beginning and the end of the frank nay: be ſeen from 


55 two very diſtant places. 216 


| el 

The countries which our es points out, as the "+ 4 
tageguſly ſituated for this Purpoſe, are the one in 110 degrees of lon- 

gitude, not far from the tropic; the other in 290 degrees of longs, 

and above 60 degrees of latitude, For, although my numbers give 58* 


for the latitude in which the ingreſs and egreſs may be firſt ſen, to ſtop 


there would be truſting too much to à calculation. We have indeed 
few; places properly ſituated, but the northern coaſts of Hudſon 9 Bay. 
the weſtern coaſts of Rat Bay. Repulſe Bay diſcovered in 1742, and 


ſome coaſts almoſt entirely unknown. — llt is pity that we cannot puſh on 
10 the polar circle, by the north of Canada But by good luck, whats 
i 


ever places in che frigid zone, and in the Indies, our Aſtronomers 
to. obſerve. in, there will ſtill be ſome minutes of time for the 
effect of | the parallax ; to determine which, this js. the ect eppar. 
tunity that can be deſired. 

In our latitude of Paris 1 bad the 0 of. 0 dende 7 
Venue) orbit 5a 32“, the parallax of, altitude 17,44 the parallax 
perpendicular to the orbit 1 5".47 3. the parallax in dhe orbit 805. : the 


It is plain that M. De la Lande here reckons the whole dnration.of the 1 be 
ſrom the moment that Venus firſt touches the Sun's eaſtern limb to the moment of her 
total exit from his weſtern; otherwiſe, the whole effect of the paraHaxes could not 

beifo great as he makes it; as he ſuppaſes the Sun's horinontal parallax to 
be only 10”. See 5 70, in — tho * is _ — N the two 


iaternal comacts. 
effect 
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eſſect of the firſt is 3 minutes 8 ſeconds, chat of the ſecond a mingtes 


x ſecond ; ſo that there remains 1 minute 7 ſeconds for the retardation, 


of the egreſs of Venus's center at Paris, cauſed by the parallax, ' The 
foremoſt ſemidiameter of Venus, as ſeen from the Earth's renter, 


would take 12 minutes 8.3 ſeconds to move off the Sun's diſc ; and at 
Paris the parallax adds to this time 12.6 ſeconds. The hindmoſt ſemi- 
diameter would require 11 minutes 50.7 ſeconds, to which the =—_ 
lax adds 10. 8 ſeconds. And therefore, from the interior contact to the 
egreſs, of the center, there are 12 minutes 20.9 ſeconds, ang from this 
to the total egreſs, 12 minutes 1. 5 ſeconds. Every ſecond. of Veny 
takes 19.187 {econgs of time to clear itſelf of the Sun's diſe; but if hy 
heliocentric latitude ſhould be only 4” more than we have ſuppoſed-it, 
the  geoccatric. latitude would. be increaſed 10“; and the time of the 


egreſs would be increaled.; by 15.6 ſeconds. And the fame waye 


one ſecond of heliocentric latitude would produce a differenes d 


53.6 ſeconds in the duration of the tranſit. | "12867 710118 
In the foregoing calculations it is ſuppoſed that the logarithm uf tie 


Sun's diſtance from the Earth is 5.006663 ; that of Venus's diſtance 


from the Sun 4.861192 ; the Sun's diurnal motion 57 21.3“; that 
of Venus, 37 31“; Venus's diurnal. geocentric motion in latitude 
14 9”; the true inclination of her orbit 3%.53' 20“; the apparent 
inclination referred to the Sun's center computed as at reſt, 8 30 x0" 
which gains the apparent inclination with reſpect to the fixed ſtars 


20 40',. The aberration of Venus in this obſervation will be 1”.4 in 


latitude, and 3".7 in longitude ; it will increaſe her apparent longitude, 
and diminiſh her latitude. — FTE 


Next to the obſervations of the . ingreſs and egreſs, the moſt im- | 


portant is that of the neareſt diſtance of the benters of Venus and the 
Sun; which, at Paris will happen about 6 in the morning: the 
Heliometer will be the beſt inſtrument for this purpoſe. When 
this diſtance is known, it will be eaſy to find the true geocentric lati- 
tude at the time of conjunction. The logarithm of this latitude, 
reduced to ſeconds, being added to the conftant logarithm 0.82807, 
gives the logarithm of the node's diſtance; and 'the: diftance of the 
node taken from 2* 15® 37“ 33“, gives the true place of the node. 
ky method is more exact ſure oth thoſe which authors have 
uſed. 3 l 255 „ 
As to the other ſituations of Venus, one may meaſure the dif- 
ferences of her right aſcenſion and of her declifiation, her dif- 


ferent altitudes and azimuths, or her neareſt diſtance from the Sun's 
lunb. 
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lnb. If one "had. ofily on fig might” be. 
Employed uſefully, ' b e to it, and 
Hanging a plummet hats 4 the paper and the andes. For, 
the Sun. being thus thrown on the paper in a darkened" room, "will 


give the diſtance of Venus from the vertical, and from hens Sun's 1 


enter. | 
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To conclude, Aries eine: of vet id expatica on "Fx , 4 155 
June 1769. That and this were computed by M. Le Gentil 


(Mem. 1753). But after this tranſit of 1769, 105 years muſt. 


elapſe vers we can Na to ſee the like phenomenon. - 


£ 


- This Author SY fallen into an error of half an 'bour i in his calculation of the Nine is 
Venus's conjunction with the Sun. He has likewiſe miſtaken the effect ariſing from the 
| ö ＋·. of Venus 's parallax of longitude and her parallax of latitude. Both theſe 
ther make the end of the tranſit at Paris about 32 minutes later than it 

ought N by calculation. | | 


diſtance. I 
or 18 minute 


e bottom, for diſt 
40. ling 
bottom, fer- in read into: 
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